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A PREFATORY LETTKR. 



My dear Tyndall, 

I should havii liked to provide this collection 
"bf"Lay Sermons, Addresses, aud Reviews," with a 
Dedication and a Preface. In the former, I sliould have 
asked you to allow me to associate your name with the 
book, chiefly on the ground that the oldest of the papers 
in it is a good deal younger than our friendship. In 
the latter, I intended to comment upon certain criticisms 
with which some of these Essays have been met. 

But, on turning the matter over in my mind, I began 
to fear that a formal dedication at the beginning of such 
a volume would look like a grand lodge in front of a set 
of cottages ; while a complete defence of any of my old 
pfipcrs would simply amount to writing a new one— a 
labour for which I am, at present, by no means fit 

Tlie book must go forth, therefore, without any better 
substitute for either Dedication, or Preface, than this 
letter ; before concluding which it is necessary for me 
to notify you, and any other reader, of two or three 
mattcra. 
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The first is, that the oldest Essay of the whole, that 
"On the Educational Valae of the Natural History 
Sciences," contains a vicw^ of the nature of the differences 
between living and not-living bodies out of which I have 
long since grown. 

Secondly, in the same paper, there is a statement con- 
cerning the method of the mathematical sciences, which, 
repeated and expanded elsewhere, brought upon me, 
during the meeting of the British Association at Exeter, 
the artillery of our eminent friend Profe^or Sylvester. 

No one knows better than you do, how readily I 
should defer to the opinion of so great a mathematician 
if the question at issue were really, as he seems to think 
it is, a mathematical one. But I submit, that the dictum 
of a mathematical athlete upon a difficult problem which 
mathematics ofi'ers to philosophy, has no more special 
weight, than the verdict of that great pedestrian Capti 
Barclay would have had, in settling a disputed point iu 
the physiology of locomotion. 

The genius which sighs for new worlds to conquer 
beyond that surprising region in which " geometry, 
algebra, and the theory of numbers melt into one anothej 
like sunset tints, or the coloiu's of a dying dolphin," ma] 
be of comparatively little service in the cold domai 
(mostly lighted by the moon, some say) of pliilosophy. 
And the more I think of it, the more does our friend 
seem to me to fall into the position of one of those 
" vcratLindige Leute," about whom he makes so apt a 
quotation from Goethe. Surely ho has not duly con- 

kred two points. The fi.rst, that I am in no way 
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answerable for the origination of the doctrine he criti- 
cises : and the second, that if we are to employ the 
terms observation, induction, and experiment, in the 
sense in which he uses them, logic is as much an 
observational, inductive, and experimental science as 
mathematics; and that, I confess, appciffs to me to be 
a reductio ad absurdum of his argument. 

Thirdly, the Essay " On the Physical Basis of Life" was 
intended to contain a plain and untcchuical statement of 
one of the great tendencies of modem biological thought, 
accompanied by a protest, from the philosophical side, 
against what is commonly called Materialism. The 
result of my well-meant efforts 1 find to be, that I am 
generally credited with having invented " protoplasm " 
in the interests of "materialism." My unlucky "Lay 
Sermon" has been attacked by microscopists, ignorant 
alike of Biology and Philosophy ; by philosophers, not 
very learned in either Biology or Microscopy ; by clergy- 
men of several denominations ; and by some few writers 
who have taken the trouble to understand the subject. 
I trust that these last will believe that I leave the Essay 
unaltered from no want of respectful attention to all thoy 
have said. 

Fourthly, I wiah to refer all who are interested in 
the topics discussed in my address on "Geological He- 
form," to the reply with which Sir William Thomson ha."? 
lionourcd me. 

And, lastly, let me say that I reprint the review of 
" The Origin of Species " simply because it has been 
cited as mine by a late President of the Geological Society. 



viil A PREFATORY LETTER. 

If you find its pliraseology, in some places, to be more 
vigorous than seems needful, recollect that it was written 
in the heat of our first battles over the Novum Organon 
of Biology ; that we were all ten years younger in those 
days ; and last, but not least, that it was not published 
until it had been submitted to the revision of a friend 
for whose judgment I had then, as I have now, the 
greatest respect/ 

Ever, my dear Tyndall, 

Tours very faithfully, 

T. H. HUXLEY. 

LoiTDov, Jmw 18701 
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ON THE ADVTSABLENESS OF IMrnOAHNO 
NATURAL KNOWLEDGE. 

This time two huniirctl years ago— in the beginning of 
January, 1C66 — those of our forcfatlipis who inhabited 
this great nud ancient city, took breath between the 
shocks of two fearful calamities : one not quite past, 
although its fury had abated ; the other to come. 

"Witiin a few yards of the very spot on which wo 
are assembled, so the tradition runs, that painful 
and deadly malady, the plague, appeared in the latter 
months of 1GG4 ; and, though no new visitor, smote the 
people of England,' and especially of her capital, with 
a violence unknown before, in the course of the following 
year. The hand of a master haspictiu*ed what happened 
in those dismal months ; and in that truest of fictions, 
"The History of the Pbgue Year," Defoe ghows death, 
with every accompaniment of pain and terror, stalking 
through the narrow streets of old London, and changing 
their busy hum into a silence broken only by tlie 
wailing of the niournei-s of fifty thousand dead ; by the 
woful denunciations and mad prayers of fanatics ; and 
by the madder yells of despairing profligates. 

But, about this tLme in 16G6, the death-rate had 
learly its ordinary amount; a caso of plague 
only here and there, and the richer citizens 
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who bad flown from the pest had returned to thi 
dwellings. The remnant of the people began to 
at the accustomed round of duty, or of pleasure ; 
the stream of city life bid fab: to flow back along 
old bcdj with renewed and uninterrupted vigour. 

The newly kindled hope wa3 deceitful. The 
plague, indeed, returned no more ; but what it 
done for the Londoners, the great fire, which brol 
out in the autumn of IGGG, did for London; and, 
September of that year, a heap of ashea and the ind(^ 
structible energy of the people were all that remain* 
of the glory of five-sixths of the city within the walls. ] 

Our forefathers had their own ways of aceounti 
for each of these calamities. They submitted to ■ 
plague in humility and in penitence, for they beliei 
it to be the judgment of God. But, towards the fire 
they were furiously indignant, interpreting it as the 
efi'ect of the maUce of man, — as the work of the 
Republicans, or of the Papists, according as their pre- 
possessions ran in favour of loyalty or of Puritanism. 

It would, I fancy, have fared but' ill with one who, 
standing where I now stand, in what was then a thickly 
peopled and fashionable part of London, should have 
broached to our ancestors the doctrine which I now 
propound to you — that all their hypotheses were alike 
wrong ; that the plague was no more, in their sense, 
Difine judgment, than the fire was the work of any poli- 
tical, or of any religious, sect ; but that they were them- 
sL'lvcs the authors of both plague and fire, and that they 
must look to themselves to prevent the recurrence of 
calamities, to all appearance so peculiarly beyond the 
reach of human control — ^so evidently the result of the 
wrath of God, or of the craft and subtlety of aa 
enemy. ■ - -, _,--t~r- ■ 
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ne may picture to oneself how harmoniously 
B holy cursing of the Puritan of that day would have 
chimed in with the unholy cursing and the crackling 
wit of the Rochcstera and Sedleys, and with the revihnga 
of the political fanatics, if my imaginary plain dealer 
had gone on to say that, if the return of such misfortunes 
were ever rendered impossible, it would not be in virtue 
of the victory of the faith of Laud, or of that of 
Milton ; and, as httle, by the triumph of republicanism, 
as by that of monarchy. But that the one thing 
needful for compassing this end was, that the people 
of England should second the efforts of an insig- 
nificant corporation, the establishment of which, a few 
years before the epoch of the great plague and the 
great fire, had been as little noticed, as they were 
conspicuous. 

Some twenty years before the outbreak of the plague 
a few calm and thoughtful students banded themselves 
tt^ether for the purpose, as they phrased it, of "im- 
proving natural knowledge." The ends they proposed 
to attain caunot be stated more cleai-ly than, in the 
words of one of the founders of the organization : — 

*' Our business was {precluding matters of theology 
and state afi'airs) to discourse and consider of philo- 
Bopliical enquiries, and such aa related thereunto : — as 
Physick, Anatomy, Geometry, Astronomy, Navigation, 
Staticka, Magncticks, Chymicks, Mechanicks, and 
Natural Experiments ; with the state of those studies 
and their cultivation at home and abroad. We then 
discoursed of the circulation of the blood, the valves 
in the veins, the vense lactcre, the lymphatic vessels, 
the Copemiean hypothesis, the nature of comets and 
new stars, the satellitea of Jupiter, the oval shape (as 
it then appeared) of Saturn, the spots on the-sun and 
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} turning on its own axis, the inequalities and i 
lapby of the moon, tbe several phases of Venua and 
'acury, tlin improvement of telescopes and grinding 
gkssea for that purpose, the weight of air. the 
IBlhility or im possibility of vacuities and nature's a|^ 
rrcn«o thereof, the Torricellian experiment in quia 
mp.T, the descent of heavy bodies and the degree i 
xleralion tlierein, with divers other things of T"* 
;urc, Bomt! of which were then but new diseoven^ 
[ otlient not so generally known and embraced 
low th«y arc ; with other tilings appertaining to wh 
Iftth been called the New Philosophy, which, froa 
'o tinio« of Galileo at Florence, and Sir Francis Bac<)B_ 
(Ord Vcnilam) in England, hath been much cultivated 
1 Italy, Franco, Oermany, and other parts abroad, as 
rWcll OB with us in England." 

nic hianied Dr. Wallis, writing in 1C96, narrates, in 
these words, what happened half a century before, or 
about 1045, Tlic associates met at Oxford, in tho 
rtioinx of Dr. Wilkins, who was destined to become a 
IjisliOp ; and subsequently coming together in London, 
they attraeted tho notice of the king. And it is a 
trange evidence of the taste for knowledge which tbe 
Mt obviously worthless of the Stuarts shared with 
father and grandfather, that Cliarles the Second 
B not content with saying witty things about bis 
ilosophcra, but did wise things with regard to tliera. 
or ho not ouly,bestowed upon them such attention as 
I could 8])arc i'rom his poodles and hia mistresses, buj 
Big in bis usual state of impecuniosity, begged fl 
m of the Duke of Ormond ; and, that step beiil 
Jiout effect, gave them Chelsea College, a charter, as 
cnace ; crowning his favours in the best way they cou] 
J crowijed, by burdening them no further with, royi 
'" Tinage or state interference. 
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TIlua it was that the lialf-dozcn young men, Btudioiia 
of the " New Philosophy," who met in one another's 
lodgings in Oxford or in Londonj in the middle of the 
fieveutcenth centiiiy, grew in mimerical and in real 
strength, until, in its latter pai't, the " Eoyal Society for 
the Improvement of Natural Knowledge" had already 
become famous, and had acquired a claim upon the vene- 
ration of Englishmen, which it has ever since retained, 
as the priacipal focus of scientific acti\"ity in our islands, 
and the chief champion of the cause it was formed to 
support 

It was by the aid of the Eoyal Society that Newton 
pnbhshed his " Prineipia," If aU the books in the world, 
except the Philosophical Transactions, were destroyed, it 
is safe to say that the foundations of physical science 
would remain unshaken, and that the vast intellectual 
progress of the last two centuries would bo largely, 
though incompletely, recorded. Nor have any signs 
of halting or of decrepitude manifested themselves in 
our own times. As in Dr. "VVaJUs'a days, so in these, 
" our business is, precluding theology and state affairs, 
to discourse and consider of philosophieal enquiries." 
But our " Mathematick" is one which Newton would 
have to go to school to learn ; our " Staticks, Slechanieks, 
Magneticks, Chj-micks, and Natural Experiments" con- 
stitute a mass of physical and chemical knowledge, 
a glimpse at which would compensate Galileo for 
the doings of a score of inquisitorial cardinals ; our 
"Physick" and "Anatomy" have embraced such in- 
finite varieties of being, have laid open such new 
worlds in time and space, have grappled, not unsuc- 
cessfully, with such complex problems, that the eyes 
of Vesalius and of Hai-vcy might be dazzled by the 
sight of the tree that has grown out of their grain of 

iBtard 8cc<l. 
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Hie fact is perhaps rather too much, tliati too Httl) 

forced upon one's notice, nowadays, that all this mai 
Vl'Uous intellectual prowth has a no less wonderfa 
■.■xprcssion in pradtical Hfe ; and that, in this respect, i 
in no other, the movement symholized by the progreai 
of the Royal Society stands without a parallel in th« 
liiytory of mankind. 

A series of volumes as bulky as the Transactions 
the Royal Society might possibly be fiUed with tbi 
subtle epeculationa of the Schoolmen ; not improbably 
the obtaining a mastery over the products of mediaeva 
thought might necessitate an even greater expenditure d 
time and of energy than tlie acquirement of the " NeW 
Philosophy;" but though such work engrossed the bes 
intellects of Europe for a longer time than has elapse* 
since the great fire, its effects were " writ in water," so 
far as our social state is concerned. 

On the other hand, if the noble first President of the 
Royal Society could revisit the upper air and once raorfi 
gladden his eyes with a sight of the familiiir mace, h( 
would find himself in the midst of a material civilization 
more different from that of his day, than that of the 
seventeenth, was from that of the first, century. And if 
Lord Brouncker's native sagacity had not deserted bis 
ghost, he would need no loag redection to discover that 
all these great ships, these railways, these telegraphi 
these factories, those printing-presses, without which thi 
whole fabric of modem Eiislisb society would collapst 
into a mass of stagnant and starving pauperism, — that 
all these pillars of our State are but the ripples and the 
bubbles upon the surface of that great spiritual stream, 
the springs of which, only, he and his fellows were 
privileged to see ; and seeing, to recognise as that which 
it behoved them above afl things to keep pure and 
undcfilod. 
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not be too great a flight of imagination t 

Conceive our noble rcvcnant not forgetful of the great 
tioublcs of hia own day, and anxious to know how often 
London hail been burned down since hia time, and how 
often the plague had can-ied off its thousands. He would 
have to learn that, although London contains tenfold the 
inflammable matter that it did in 1666 ; though, not 
content with filling our rooms with woodwork and light 
draperies, we must needs lead inflammable and explosive 
gases into every corner of our streeta and bouses, we 
never aEow even a street to bum down. And if be 
asked how this had come about, we should have to 
explain that the improvement of natural knowledge ha; 
furnished us with dozens of machines for throwing water 
upon fires, any one of which would have furnished the 
ingenious llr. Hooke, the first "curator and experi- ' 
mcnter" of t]ie Royal Society, with ample materials for 
discourse before half a dozen meetings of that body ; 
and that, to say truth, except for the progress of natural 
knowledge, wo should not have been able to make even 
the tools by which these machines arc constructed. 
And, further, it would be necessary to add, that although 
severe fires sometimes occur and inflict great damage, 
the loss is very generally compensated by societies, the 
operations of which have been rendered possible only 
by the progress of natural knowledge in the direction of ' 
mathematics, and the accumulation of wealth in virtue 
of other natural knowledge. 

But the plague? My Lord Brounckcr's obscvvation 
would not, 1 fear, lead bun to think that Englishmen of 
the nineteenth century are purer in life, or more fer- 
vent in religious faith, than the generation which cowld 
produce a Boyle, an Evelyn, and a Milton. He might 
find the mud of society at the bottom, instead of at the 
top, but I fear that the sum total would bo as duservu 
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of swift judgment a3 at the time of tlic Restoration. 

• And it wouM be our duty to explain once more, and 
this time not without shame, that we have no reason 
to believe that it is the improvement of our faith, nor 
that of our morals, which keeps the plague from our 
city ; but, again, that it ia the improvement of our 
natural knowledge. 

We have learned that pi'stilences will only take up 
their abode among those who have prepared uuswept 
and ungamished residences for them. Their cities must 
have narrow, uuwatered streets, foul with accumulated 
garbage. Their houses must be ill-drained, ill-lighted, 
ill-veutilated. Their subjects must be ill-washed, ill- 
fed, ill-elothed. The London of 16G5 was such a city. 
The cities of the East, where plague has an enduring 
dwelling, are such cities. "We, in later times, have 
learned somewhat of Nature, and partly obey her. 
Because of this partial improvement of our natural 
knowledge and of that fi'actional obedience, we have 
no plague ; because that knowledge is stUl very imper- 
fect and that obedience yet incomplete, tj-phus is our 
companion and cholera our visitor. But it is not 
presumptuous to express the belief that, when our 
knowledge ia more complete and our obedience the 
expression of our knowledge, London wiU count her 
ccntm'ics of freedom from typhus and eholei-a, as she 
now gratefully reckons her two hundred years of 
ignorance of that plague which swooped upon her 
tbrice in the first half of the seventeenth century. 

Surely, there is nothing in these explanations which 
is not fully borne out by the facts ? Surely, the prin- 

~"'ples involved in tliera arc now admitted among tin 
ted beliefs of all thinking men ? Surely, it is tnu 
(at our countiymcn are less suhjeet to fire, faminej 
fetilence, and all the evils which result from a ■ 
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ot coramaiK.1 over nntl due anticipation of the course of 
Nature, than ivere the countrymen of Milton ; and health, 
wealth, and well-being arc more abundant with us than 
with them? But no less certainly is the difference duo 
to the improvement of our knowledge of Nature, and 
the extent to which that improved knowledge has been 
incorporated with the household words of men, and has 
aappUed the springs of their dally actions. 

Granting for a moment, then, the truth of that which 
the depreeiators of natural knowledge are so fond of . 
urging, that its improvement can only add to the resources 
of our material ci\'ilization ; admitting it to be possible that 
the founders of the Eoyal Society themselves looked for 
no other reward than this, I cannot confess that I ' 
guilty of exaggeration when I hinted, that to him who 
had the gift of distinguishing between prominent events 
and important events, the origin of a combined effort 
on the part of mankind to improve natural knowledge 
might have loomed larger than the Plague and have out- 
shone the glare of the Fh-o ; as a something fraught with 
a wealth of beneficence to mankind, in comparison with 
which the damage done by those ghastly evils would 
shrink into insignificance. 

It is very certain that for every victim slain by 
the plague, hundreds of mankind exist and find a fair 
share of happiness in the world, by the aid of the 
spinning jenny. And the great fire, at its worst, could 
not have bupned the supply of coal, the daily working 
of which, in the bowels of the earth, made possible by the. 
steam pump, gives rise to an amount of wealth to which 
the millions lost in old Loudon ai'e but as ;m old song. 

But spinning jenny and steam pump are, after all, but 
toys, possessing an accidental value ; and natural know- 
s creates multitudes of more subtle contrivances, tho 
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.\scs of which do not happen to he sung because thi 
not directly convertible into instruments for creating 
ilth. When I contemplate natural kuowledgc squau- 
^Eg such gifts among men, the only appropriate 
impariaon I can find for her is, to lilcen her to such 
.peasant woman as one sees in the Alps, stiiding e' 
upward, heavily burdened, and with mind beut only 
fier home ; but yet, without etfort and without thought, 
Uuitting for her children. Now stockings are good and 
comfortable things, and the children will undoubtedly 
Imj much the better for them; but Eurely it would la 
ihort-sighted, to say the least of it, to depreciate tin 
toiling mother as a mere stocking-machine— a meM 
rovitler of physical comforts ? m 

However, there are blind leaders of the blind, and nM 
'few of them, who take this view of natural knowled^B 
and can see nothing in the bountiful mother of human^B 
Ijut a sort of comfort- giunding machine. According n 
tlicm, the improvement of natural Imowlcdge alwaj^ hfl 
been, and always must be, synonymous with no moa 
than the improvement of the material resources and tfl 
increase of the gratiUcations of men. m 

Natural knowledge is, in their eyes, no real mother (■ 
mankind, bringing them up with kindness, and, if neM 
be, with Btemness, in the way they should go, aofl 
instructing them in all things needful for their welfareJ 
t»ut a sort of fairy godmother, ready to furnish her petl 
with shoes of swiftness, swords of sharpness, and omna 
potent Aladdin's lamps, so that they may have telegraplfl 
to Saturn, and ace the other side of the moon, and thadi 
God they are better than their benighted ancestors. M 
If this talk were true, I, for one, should not greatljl 
care to toil iu the service of natural knowledge. 1 thinfl 
i would just OS soon be quietly chippuig my own flind 
Be, after the manner of my forefathera a few thousaua 
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years back, as be troiililcd with the endless mahtdy of 
thought which now iufests us all, for such reward. But 
I venture to say that such views are contrary alike to 
reason and to fact. Those who discourse in such fashion 
seem to me to be so intent upon trying to see what is 
above Nature, or what is behind her, that they are blind 
to what stares them in the face, in her. 

I should not venture to speak thus strongly if my 
justification were not to be found in the simplest and 
most obvious facts, — if it needed more than an appeal 
to the most notorious ti'uths to justify my ajjsertion, that 
the improvemeut of natural knowledge, whatever direc- 
tion it has taken, and however low the aims of those 
who may have commenced it — has not only confci-red 
practical benefits on men, but, in so doing, has effected 
a revolution in their conceptions of the universe and of 
themselves, and has profoundly altered their modes of 
thinking and their views of right and wrong. I say 
that natural knowledge, seeking to satisfy natural wants, 
has found the ideas which can alone still spiritual 
cravings, I say that natural knowledge, in desiring to 
ascertain the laws of comfort, has been driven to discover- 
^ose of conduct, and to lay the foundations of a new 
morality. 

Let us take these points separately; and, first, whitt 
great ideas has natural knowledge introduced into men's 



I cannot but think that the foundations of all natural 
knowledge were laid when the reason -of man first came 
face to face with the facts of Nature : when the savage 
first learned that the fingers of one hand are fewer than 
those of both ; that it is shorter to cross a stream than 
to head it ; that a stone stops where it is unless it be 
id, and that it drops from the hand which lets it go ; 
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tlint li^'lit atul boat come (ind go with the son ; that] 
Hlicks bum away in a fire ; that plants and animals grow 
iiti'l dif ; that if he struck Ha fellow-savage a blow he 
yumVX make him angry, and perhaps get a blow in return, 
while if ho oO'ered him a fruit he would please him, am 
pi-rhapB rcecivo a fish in exchange. When men. hiU 
inquircd'tliiH muf'h knowledge, the outlines, rude thoug 
tlii-y were, of iiint)iematic8, of physics, of chemistry, f^^ 
I.I.ilotfy, of ninntl, economical, and political science, we 
iikiitcTiw!. Nor did the germ of religion fail wh( 
•fiuiice bpgitn to bud. Liaten to words which, thou^ 
luMv, iiro yet thrco thousand years old: — 

»*. . ■ When In boftven the stars about tlie mooa 
IitioU licuntifiil, when all Clio wiiida lire kijd, 
And evoty height oonies out, und jutting peak 
And volley, and the iuim endurable heavens 
Break ojKiu to their highest, and all the Btars 
HIiino, luid the sliophunl gluddeus iu his heurt."! 

If llitt lialf-savago Greek could share our feelings ^ 
fur, it is iiTatiuual to doubt that he went further, 
linil, 08 we dt), tliat upon that brief gladness the 
I'oUoWB a CLTtuiii Borrow,— the little light of awakem 
human iutclligcnco shines so mere a spark amidst t 
a!)yH9 of the uiikuown and unknowable ; seema so i 
NutHcieut to do more than illuminate the imperfectio 
that caimot be remedied, the aspirations that cannot 
realized, of man's own nature. But in this sadness, tl 
conHciouancBs of the limitation of man, this sense of ; 
open secret which he cannot penetrate, lies the essence 
all religion; and the attempt to embody it iu the fori 
furuiahed by the intellect is the origin of the hi-b 
theologies, ° "^ 

fuiimWifi'T?, ™P™rfMe to imaglno but that t 
luimaalioM of all kuowlcdgo-Bcculm- or sacred— we 
' "'•'' 1' 1» "M U.M Ihi. i. To,n)W. Enjlah fo. Homer'. Q„.k 1 
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ijliiid when intelligence dawned, though the superstructure 
B^^tedned for long ages bo slight and feeble as to be 
^^^Kiatible with the existence of almost any general 
^mffff' respecting the mode of governance of the imiverec. 
No doubt, from the first, there were certain pha3nomcna 
which, to the rudest miud, presented a constancy of 
occurrence, and suggested that a fixed order ruled, at 
any rate, among them, I doubt if the grossest of Fetish 
worshippers ever imagined that a stone must have a 
god within it to make it fall, or that a fmit had a god 
within it to make it haste sweet, "With regard to Buch 
■matters as these, it is hardly questionable that man- 
kind ii'oni the first took strictly positive and stdentific 
"views, 

But^ with respect to all the less familiar occurrences 
which present themselves, uncultured man, no doubt, has 
always taken himself as the standard of comparison, as 
the centre and measure of the world ; nor could he well 
avoid doing so. And finding that his apparently un- 
caused will has a powerful effect in giving rise to many 
occurrences, he naturally enough ascribed other and 
greater events to other aud gi'cater volitions, and came 
to look upon the world and all that therein is, as the 
product of the volitions of persons like himself, but 
stronger, and capable of being appeased or angered, as 
he himself might be soothed or irritated. Through such 
conceptions of the plan and workmg of the universe all 
mankind have passed, or are passing. Aud we may now 
consider, what has been the efiect of the improvement 
of natural knowledge on the views of men who have 
reached this stage, and who have begun to cultivate 
natural knowledge with no desire but that of "increasing 
God's honour and bettering man's estate." 

For example : what could seem wiser, from a mere 

material point of view,more iimocent, from a theological 

3 
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to an anrriont people, than tbat thor sliouM Ii 
tlic t'xnct BUcccflsion of tlie seasons, as warnings for t 
liutljuudnioii ; ur tliu position of the stui^, as guides 
Uicir rude nnvigators ^ But what has grou'n out of thi 

;h for natural knowledge of so merely useful 
:ter? You all know tho reply. Astronomy,- 
_ ih of all siiicuces has filled men's mimls with genei _ 
tdoBB of a character most foreign to their dauy cx 
norienpo, and liaa, more than any otlier. rendered j 
impossible for them to accept the beliefs of their fethen 
Astronomy, — wliieh tells them that this so Taat an 
wemingly solid earth is but an atom among atonu 
whirliug, no man knows whither, through illimitaU 
space ; which donionatrates that what we call the pea 
ful lieaven above ua, is but that space, filled by 
infinitely subtle matter whose particles are seething ( 
surging, like the waves of an angry sea; which open 
up to us infinite regions where nothing 13 known, 
ever seems to have been known, but matter and forct 
operating according to rigid rules ; which leads U8 t 
contemplate pha?nomeiia the very nature of whic 
demonstrates that they must have had a beginning, ani 
that they must have an end, but the very nature 
which also proves that the beginning was, to our coneop 
tiona of time, infinitely remote, and that the end is 

leasurably distant. 

lut it is not alone those who pursue astronomy ttIh 

for bread and receive ideas, "What more hannlee 
the attempt to lift and distribute water by pumping 

what more absolutely and grossly utilitarian 1 Ba 
of pumps grew the discussions about Nature' 

[orrence of a vacuum ; and then it was discovei 
tt Nature does not abhor a vacuum, but that air 1 
i^ht ; and that notion paved the way for the doetrini 
all matter has weight, and that the force whii ' 
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prwluctiS weiglit is co-cxtcnsive with the universe, — in 
short, to the theory of universal gravitation antl endless 
force. While learning how to handle gnaea led to tlie 
diacovciy of oxj'gcn, and to modem ehcmiatry, and to 
the notion of tho indestructibility of matter. 

Agiiin, what simpler, or more uhsolutcly practical, 
than the attempt to keep the axle of a wheel from 
heating -when the wheel turns round veiy fast? Huw 
useful for cai'ters and gig diivei-s to know something 
•about this ; and how good were it, if any ingenioiia 
person would find out the cause of such phajnomona, 
und tlience educe a general remedy for llicm. Such 
an ingenious person wiis Count Euraford ; and he and 
his sucecasors have landed ua in the theory of the per- 
sistence, or indestructibility, of force. And in the in- 
finitely minute, as in the infinitely great, tho scckej-s 
after natural knowledge, of the kinds, called physical siml 
chemical, have everywhere found a definite order and [ 
Buccession of events which seem never to bo infringed, i 
And how has it fared with "Physiek" and Anatomy^ ! 
Have the anatomist, the physiologist, or the physician, I 
whose business it has been Xo devote tlierasclves assi- 
duously to lliat eminently practical and direct end, the 
alleviation of the sufferings of mankind, — have they 
been able to confine their vision more absolutely to the 
strictly useful ? 1 fear they are worst offendei-s of all. ! 
For if the astronomer has Bet before us the hifinite i 
magnitude of space, and the practical eternity pf the ' 
duration of the universe; if the physical and chemical 
j.hiloBophei's have demonstrated tlie infinite rainuteuess 
of its constituent parts, and the practical eternity of 
matter and of force ; and if bulh have alike proclaimed 
tho universality of a definite and predieable order and ' 
succession of events, the workers in biology have not 1 
only acecptcd all these, but have added more startling 
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3 of tlieir own. For, na the agtronoracr-s discover in 
tLe earth no centre of the universe, but an eccentric 
Bpeck, so the naturalists find man to be no centre of 
the living world, but one amidst endless modifications 
of life ; and as the astronomer observes the mark of 
practically endless time set upon the arrangements of 
the solar system so the student of life finds the records 
of ancient forms of existence peopling the world for ages, 
which, in relation to human experience, are infinite. 

Purthermore, the physiologist finds life to be as 
, dependent for its manifestation on particular molecular 
arrangements as any physical or chemical pha^nomenon ; 
and, wherever he extends his researches, fixed order 
and unchanging causation reveal themselves, as plainly 
as in the rest of Nature. 

Nor can I find that any other fate has awaited the 
germ of Eeligion. Arising, like all other kinds oi 
knowledge, out of the action and interaction of man's 
mind, with that which is not man's mind, it has taken 
the intellectual coverings of Fetishism or Polytheism ; oi 
Theism or Atheism ; of Superstition or Rationalism. 
With these, and their relative merits and demerits, 1 
have nothing to do ; but this it is needful for my 
pm-pose to say, that if the religion of the present diffcra 
from that of the past, it is because the theology of tlie 
present has become more scientific than that of the past; 
because it lias not only renounced idols of wood and 
idols of atone, but begins to see the necessity of breaking 
in pieces the idols built up of books and traditions and 
-fiuo-spmi ecclesiastical cobwebs : and of cherishing the 
noWesi 3^^ most human of man's emotions, by worship 
for tU^Q j^og^ ^^^ ^^ j.j^^, g-^^,j^^ ^^^^„ ^^ j^jjg ^^^ qJ ^^^ 

Zc^'"^ and Unknowable. 
■Br^ ■'^^ ^^° ^ few of the now conceptions implanted in 
■*"-inaa by the improvement of natural knowledj" 
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Men liavo iicqnircd tlie ideas of the practically iniinito 
extent of the uuiversc and of its practical eternity ; 
they are familiar with tlie conception that our earth 
is but an infmitesimal fragment of that part of t)ie 
universe which can be seen ; and that, ncvej-thcless, ita 
duration is, as compared with our standards of time, 
inBnite. They have further acquired the idea that man 
is but one of innumerable forms of life now existing in 
the globe, and that the present existences are but the 
last of an immeasurable scries of predecessors, More- 
over, every sttp they have made in natural knowledge 
bas tended to extend and rivet in their minds the con- 
ception of a definite order of the universe — which is 
embodied in what are called, by an unhappy metaphor, 
the laws of Nature — and to narrow the range and 
loosen the force of men's belief in spontaneity, or in 
changes other than such as arise out of that definite " 
oi-der itself. 

Whether these ideas are well or ill founded is not the 
question. No one can deny that they exist, and have 
been the inevitable outgrowth of the improvement of 
natural knowledge. And if so, it cannot be doubted 
that they are changing the form of men's most cherished 
and most important convictions. 

And as regards the second point — the extent to which 
the improvement of natural knowledge has remodelled 
and altered what may bo termed the intellectual ethics 
of men, — what are among the moral convictions most 
fondly held by barbarous and scmi-barbaroua people ? 

They are the convictions that authority is the soundest 
basis of belief; that merit attaches to a readiness to 
believe ; that the doubting disposition is a bad one, 
and scepticism a sin ; that when good authority has 
proiiouuccd what ia to be believed, and faith haa ac- 
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ci'pttsl it, reason has no furtbcr duty. Tlicrc arc man; 
cxceUcut poraona wlio yet hold by these principles, ani 
it is not my prosont busiiiL'ss, or iuU-iitiou, to discual 
their views. All I wish to bring clearly before you 
minds is the unquestioQablo fact, that the improvemen 
of natural knowledge is effected by metbods whid 
directly give the lie to all these convictions, and assma 
the exact reverse of each to be true. 

The improver of natural knowle.Ige absolutely rcfiisc 
to aeknowledgc authority, as such. For him, sccpticiSE 
Is the highest of duties ; blind fiiith the one unpardori 
able sin. And it cannot be otherwise, for eveiy grea 
advance in natural knowledge has involved the absolut 
rejection of authority, the cherishing of tho keenei 
scepticism, the annihUatiun of the spirit of blind faith 
and the most ardent votary of science holds his firma 
"convictions, not because the men he most venerate 
hold tliem ; not because their verity is testified 
portents and wonders ; but because his experience teachf 
him that whenever he chooses to bring these convictions 
into contact with their primary source, Nature — ^wben-' 
ever he thinks fit to test tliem by appealing to experimen 
and to observation — Nature will confii'ni them. 
nian of science has learned to believe in justificatio 
not by faitb, but by verLfication. 
, -Thus, -without for a moment pretending to desp 
'^ ri'actieal results of the improvcmeut of natu: 
owlcdge, and its beneficial influence on material civL 
?«tion, it xawAt, I think, be admitted that tho gre 
spi>°f' ^^^^ °f which I have indicated, and the ethiq 
*noni ^^^'^'i I liave endeavoured to sketch, in the fe 
reaj ^^'Js which remained at my disposal, constitute t 
If ^+1 I*'^'"nianent significance of natural knowledge. 
_ *hcao iacas be destined, as I believe they are, 
' and more firmly established as the world grow 
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older; if that spirit be fated, as I believe it is, to 
extend itself into all departments of human thought, and 
to become co-extensive with the range of knowledge ; if, 
as our race approaches its maturity, it discovers, as I be- 
lieve it will, that there is but one kind of knowledge and 
but one method of acquiring it ; then we, who are still 
children, may justly feel it our highest duty to recognise 
the advisableness of improving natural knowledge, and 
so to aid ourselves and our successors in their course 
towards the noble goal which lies before mankind. 



n. 

EMANCIPATION— BLACK AND WHITE. 

Quashie's plaintive inquiry, "Am I not a man and a 
brother ? '' seems at last to have received its final reply — 
the recent decision of the fierce trial by battle on the 
other side of the Atlantic fully concurring with that long 
since delivered here in a more peaceful way. 

The question is settled ; but even those who are most 
thoroughly convinced that the doom is just, must see 
good grounds for repudiating half the arguments which 
have been employed by the winning side; and for 
doubting whether its ultimate results will embody the 
hopes of the victors, though they may more than realize 
the fears of the vanquished. It may be quite true that 
some negroes are better than some white men ; but no 
rational man, cognizant of the facts, believes that the 
average negro is the equal, still less the superior, of the 
average white man. And, if this be true, it is simply 
incredible that, when all his disabilities are removed, and' 
our prognathous relative has a fair field and no favour, 
as well as no oppressor, he will be able to compete 
successfully with his bigger-brained and smaller-jawed 
rival, in a contest which is to be carried on by thoughts 
and not by bites. The highest places in the hierarchy of 
civilization will assuredly not be within the reach of our 
dusky cousins, though it is by no means necessary that 
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tliey should be restiictcd to the lowest. But wliatevcr 
the position of stahlc eiiuilibrium into which the laws of 
social gravitation may bring the negro, all responsibility _ 
for the result -will henceforward He between Nature and 
him. The -white man may wash hia hands of it, and the 
Caucasian conscience be void of reproach for evermore. 
And this, if we look to the bottom of the matter, is the 
real justification for the abolition policy. 

The doctrine of equal natural rights may be an illogical 
' delusion ; emancipation may cuuvcit the slave from a 
well fed animal into a pauperised man ; mankind may 
even have to do without cotton shirts ; but all these evils 
must be faced, if the moral law, that no human being 
can arbiti'aiily dominate over another without grievous 
damage to his own nature, bo, aa many think, as readily 
demonstrable by experiment as any pliysical truth. If 
this be true, no slavery can be abolislied without a double 
emancipation, and the master will benefit by freedom 
more than the freed-niau. 

The like considerations apply to all the other questions 
of emancipation which are at present stirring the world — 
tlie multifarious demands that classes of mankind shall 
be relieved fi'om restrictions imposed by the artifice of 
man, and not by the necessities of Nature. One of the 
most important, if not the most important, of all these, is 
that which daily threatens to become the " irrepressible " 
woman question. What social and political rights have 
women ? What ought they to he allowed, or not allowed 
to do, be, and sufi'er ? And, as involved in, and under- 
lying all these questions, how ought they to be educated? 

There are philogynists as fanatical as any " misogu- 

iiists" who, reversing our antiquated notions, bid the 

man look upon the woman as the higher type of 

; who ask us to regard the female intellect aa 

Blearer and the quii-'ker, if not the stronger; 1 
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neairc us to look np to the f(?mmuio jnornl scnst 
juircr and the nobler ; and bid man nhdicatc liia U9Ur| 
Bovercigiity over Nuturc in favour of the fL-male J 
On the other hand, there are persona not to be i 
in all loyalty and just respect for woman-kind, but 1 
nature hard of bead and haters of delusion, howevj 

eluinniug, who not only repudiate the new womai 

worship which so many sentimentaliala and some philo- 
sophera are desiroua of setting up, but, carrying their 
Litidacity further, deny even the uiitural equality of the ' 
sexes. They assert, on the coutiary, that in evert" 
excellent character, whether mental or physical, 

average woman is inferior to the average man, in ' 

Reuse of having that character less in quantity, and lower 
in quality. Tell these persons of the rapid pereeptions and 
the instinctive intellectual insight of women, and they 
reply that the feminine mental peculiarities, which paf^ 
under these names, arc merely the outcome of a great^ 
impressibility to the supei-ficial aspects of things, and i _ 
the absence of that restraint upon expression, which, in 
men, is imposed by reflection and a sense of responsibility. 
Talk of the pa.ssivc endurance of the weaker sex, and 
opponents of this kind remind you that Job was a mal' 
and that, until quite recent times, patience and lom 
suffering were not counted among the spociidly femini" 
virtues. Claim passionate teuderuess as espeeiallj 
feminine, and the inquiry is made whether all the bes 
love-poetiy in existence (except, perhaps, the "Sonnej^ 
from the Portuguese") lias not been written by r 
whether the .^ong which embodies the ideal of pure aiifl 
tender passion — Adelaida — was written by Fnm Bcet,lB 
whether it was the Fornarina, or Raphael, wl^ 
inted the Sistine Madonna. Nay, wc have known oi^ 
1 heretic go bo f:ir as to lay Iiis hands upon the aT* 
'', bo to speak, and to defend the startling parada 
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that, even in physical beauty, man is the superior. He 
admitted, indeed, tliat there was a brief period of early 
youth when it might be hard to say whether the prize 
should be awarded to the graceful undulations of the 
female figure, or the perfect balauco and supple vigour of 
the male frame. But while our new Paris might hesitate 
between the youthful Bacchus and the Venus emerging 
from the fonm, he averred that, when Venus and Bacchus 
had reached thirty, the point no longer admitted of a 
doubt; the male form having then attained its greatest . 
nobility, whUe the female is far gone in decadence ; and 
that, at this epoch, womanly beauty, so far as it is inde- 
pendent of grace or expression, is a question of drapery 
and accessories. 

Supposing, however, that all these arguments have a 
certain foundation ; admitting for a moment, that they 
are comparable to those by ■which the inferiority of the 
negro to the white man may be demonstrated, are they 
of any value as against woman-emancipation 1 Do they 
afford us the smallest ground for refusing to educate 
women as well as men — to give women the same civil 
and political rights as men ? No mistake is so commonly 
made by clever people as that of assuming a cause to be 
bad because the arguments of its supporters are, to a 
great extent, nonsensical. And we conceive that those 
who may laugh at the arguments of the extreme 
philogynists, may yet feci bound to work heart and soul 
tcwards the attainment of their practical ends. 

As regards education, for example. Granting the 
alleged defects of women, is it not somewhat absurd to 
sanction and maintain a system of education which 
would seem to have beeu specially contrived to - ex- 
a^erate all these defects ? 

Naturally not so firmly strung, nor so weU balanced, 
^^^oys, girla are in ^reat measure debaxred from the 



Bports and jiliysical cxorcieca whicb are justly tliougllt 
nltsolutely necessary for the full dcvulopmuiit of tiie 
vigour of tbe more favoured ecx. Women are, by nature, 
more cxcltalile than men — prone to l)c swept by tides of 
emotion, proceeding from hidden and inward, as well as 
from obvious and external causes ; and female education 
does its beat to weaken every physical counterpoise to 
this nervous mobility— tend a in all ways to stimulate the 
emotional part of the mind and stunt the rest We find 
girls naturally timid, inclined to dependence, born con- 
t*ervativcs; and wo teach them that independence it 
unladyHko ; that blind faith is the right frame of mind ; 
and that whatever wc may be permitted, and indeed 
encouraged, to do to our brother, our sister is to be left 
to tlie tyTjtnny of authority and tradition. With few 
insignificant exceptions, girls have been educated either 
to be drudges, or toys, boncalh man ; or a sort of angels 
ab<)ve him; tlie highest ideal aimed at oscillating between 
Cliirchen and Beatrice. The possibility that the ideal of 
womanhood lies neither in the fair saint, nor iu the fa* 
sinner; that the female tj-pc of character is neitl 
better nor worse than the ni'ile, but only weaker ; tl 
women are meant neither to be men's guides nor theH 
playthings, but their comrades, their fellows and their 
equals, so fLir as Nature puts no bar to that equality, does 
«ot seem to have entered into the minds of those 

lave had the conduct of the education of girls. 

I If the present system of female education stands 
pdemned, as inherently absurd ; and if that which 
re just indicated is the true position of woman, what 
jhe first step towards a better state of things ? We 
|3y, emancipate girls. Recognise the fact that they 
tte the senses, perceptions, feelings, reasoning powei-s, 
lotions, of boys, and that the mind of the average girl 

Bless dUl'ercnt from that of the average boy, than ti 
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mintl of one boy is from that of another; so tliat what- ' 

ever argument justifies a given cducatiou for all boys, ] 

justifies its application to girls as well. So far from . 

imposing nrtificial restrictions upon the acquirement of i 
knowledge by women, throw every facility iu their way. 

Let our Faustinas, if they will, toil through the wholo ] 
round of 

"Jiiristcrei und lUfS-van, 
Uud [cider! aiich Philosnpbio." 



I na have " sweet girl graduates " by all mcrtns. They 
will be none the less sweet for a little wisdom ; and thu | 
"golden hair" will not curl leas gracefully outaide t!ic 
head, by reason of there being bruins within. Nay, if j 
obvious practical ditbcultics ciin be oyereome, let thoso \ 
women who feel iuelinecl to do eo descend into the 
gladiatorial arena of life, not merely in the guise of ] 
rcttari(S, as heretofore, but as bold sicaricB, breasting tho ' 
open fray. Let them, if they so please, become mer- 
chants, barristers, politieians. Let them have a fair field, j 
but let them understand, as the necessary correlative, 
that they are to have no favour. Let Nature alone sit 
high above the lists, " rain influence and judge tho , 
prize." 

And the result? For our parts, though loth to I 
prophesy, we believe it will be that of other emanci- 
pationa. Women will find their place, and it will neither 
be that in which tliey have been held, nor that to which 
some of them aspire. Nature's old salique law will not 
be repealed, and no change of dynasty will be effected. 
The big cheats, the massive bmins, the vigorous muscles ' 
and elout fi'ames, of tlie best men will cany tho day, , 
whenever it ia worth their while to contest the prizes of 
life with tho best women. And the hardship of it i 
veiy improvement of the ■women will lesst 
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llicir clmncps. Bettor mothers will bring forth bcttcq 
BOD8, and the impetus gained by the one bcx \\'ill 
traiiBmitted, in the next generation, to tlie other. TliaS 
luost Darwinian of theorista will not vcntiire to pro-l 
jiound the doctrine, that the physical disabilities urideq 
which women have hitherto laboured, in the struggle fori 
existence with men, are likely to be removed by even tha 
most skilfully conducted process of educational selection. 

We arc, indeed, fully prepared to believe that th« 
bearing of children may, and ouglit, to become as fre? 
fruni danger and long disability, to the civilized womai 
as it 13 to the savage ; nor is it improbable that, i 
fioeiety advances towards its right organization, mothei 
hood will occupy a less space of woman's life than it ha* 
hitherto done. But stUl, unless the human species is 1 
rome to an end altogether — a consummation which cai 
hardly be desired by even the most ardent advocate ofl 
"women's rights" — somebody must be good enough ■" 
take the trouble and rcsponsibihty of annually adding 
the world exactly as many people as die out of it 
consequence of some domestic difficulties, Sydney Smitl 
is said to have suggested that it would have been goot 
for the human race iiad the model offered by the hivi 
been followed, and had all the working part of the female 
community been neuters. Failing any thorough-goinff 
refoi™ of this kind, we sec nothing for it but the old 
division of humanity into men potentially, or actually, 
fathers, and women potentially, if not actually, mothers. 
And we fear that so long as this potential motherhood i 
her lot, woman will be found to be fearfully weighted i 
the race of life. 

The duty of man is to see that not a grain is ] 
upon that load beyond what Nature imposes; 
•■^-■■"■'-.cc is rot added to ineq_uaiity. 



III. 

A LIBERAL EDUCATION; AND 
WHERE TO FIND IT. 

Thk IjusiiicBS whicb the South London Wovklng Men's 
College hns undertaken is a great work ; iiideL'ilj I might 
eay, thiit Education, with which that college proposes to ' 
grapple, is the greatest work of all those which Uc ready ' 
to a man's hand just at present. 

And, at length, this fact is becoming generally recog- 
nised. You cannot go anywhere without hearing a buzz 
of more or less confused and contradictory talk on this 
subject — nor can you fail to notice that, in one point at ■ 
any rate, there is a very decided advance upon like 
discussions iu former days. Nobody outside the agri- 
cultural interest now dares to say that education is a 
bad thing. If any representative of the once large and 
powerful party, which, in former days, proclaimed this 
opinion, still exists in a semi-fossil state, he keeps his i 
thoughts to himself. In fact, there is a chorus of voices, j 
almost distressing in their harmony, raised in favour of 
the doctrine that education is tlie great panacea for 
human troubles, and that, if the country is not shortly 
to go to the dogs, everybody must be educated. 

The politicians tell us, " you must educate tlie masses 
Itccauae they are going to be masters." The clergy join 
) cry for education, for they atfirm that the people 
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Arc drifting away from churcli aod chapel into the 
broadest in fidelity. The manufacturers and the capita- 
lists swell the chorus lustily. They declare that igno- 
rance makes bad workmen ; that England will soon be 
unable to turn out cotton goods, or steam engines, 
cheaper than other people ; and then, Ichabod ! Ichabod ! 
the glory will be departed from us. And a few voices 
are lifted up in favour of the doctrine that the masses 
should be educated because they are men and women 
with unlimited capacities of being, doing, and suffering, 
and that it is as true now, as ever it w^as, that the people 
perish for lack of knowledge. 

These members of the minority, with whom I confess 
I have a good deal of sympathy, are doubtful whether 
any of the other reasons urged in favour of the education 
of the people are of much value — whether, indeed, some 
of them are based upon either wise or noble grounds of 
action. T]iey question if it be wise to tell people that 
you will do for them, out of fear of their power, what 
you have left undone, so long as your only motive was 
compassion for their weakness and their sorrows. And, if 
ignorance of everything which it is needful a ruler should 
know is likely to do so much harm in the governing 
classes of the future, why is it, they ask reasonably 
enough, that such ignorance in the governing classes of 
the past has not been viewed w^ith equal horror ? 

Compare the avernge artisan and the average country 
squire, and it may be doubted if you will find a pin to 
choose between the two in point of ignorance, class 
feeling, or prejudice. It is true that the ignorance is of 
a ditiercnt sort — that the class feeling is in favour of a 
different class, and that the prejudice has a distinct 
favour of wrong-headedness in each case — but it is 
questionable if the one is either a bit better, or a bit 
Worse, than the other. The old protectionist theory is 
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tliG doctrine of trades unions as applied by tlic .■iqiiires, 
and the modern trades unionism is the doctrine of tlni 
equircs applied by tlie artisans. AVhy should wc be 
worse off under one rigimn than under the other? 

Again, this sceptical minority asks the clergy to think 
whether it is really want of education which keeps the 
masses away from their ministrations — whether the most 
completely educ:tted men arc not as open to reproach on 
this score as the workmen ; and whether, perchance, this 
may not indicate that it is not education which lies at 
the bottom of the matter ? 

Once more, these people, whom there is no pleasing, 
venture to doubt whether the glory, which rests upon 
being able to undersell all the rest of the world, is a very 
safe kind of glory — whether we may not purchase it too 
dear ; especially if we allow education, which ought to 
be directed to the making of men, to be diverted into a 
process of manufacturing human tools, wonderfully adroit 
in the exercise of some technical industry, but good for 
nothing else. 

And, finally, tliese people inquire whether it is the 
ma&'5e8 aloue who need a reformed and improved educa- 
tion. They ask whether the richest of our public schools 
miglit not well be made to supply knowledge, as well as 
gentlemanly habits, a strong class feeling, and eminent 
proficiency in cricket. They seem to think that the noble 
foundations of our old universities are hardly fulfilling 
their functions in their present posture of half-clericfil 
fiemiuaries, half racecourses, "where men are trained to 
win a senior wTanglership, or a, double-first, as horses ai'e 
trained to win a cup, witn as little reference to the needs 
of after-life in the case of the man as in that of the 
racer. And, while as zealous for education as the rest, 
they aflinn that, if the education of the richer classes 
were euch as to fit them to bo the leaders and tha 
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governors of the poorer ; and, if the education of 
poorer classes were such as to enable them to appreci 
really wise guidance and good governance ; the politi 
need not fear mob-law, nor the clergy lament their Wi 
of flocks, nor the capitalists prognosticate the annihilal ' 
of the prosperity of the country. 

Such is the diversity of opinion upon the why and 
wherefore of education. And my hearers will be pre- 
pared to expect that the practical recommendations 
which are put forward are not less discordant. There ia 
a loud cry for compulsory education. We English,. 
Bpitc of constant experience to the contrary, preserve 
touching faith in the efficacy of acts of parliament _ 
I believe we should have compulsoiy education in the 
course of next session, if there were the least probability 
that half a dozen leading statesmen of different parties 
would agree what that education should he. ~ 

Some'hold that education without theology is worse thi 
none. Others maintain, quite as strongly, that edui 
tion with theology is in the same predicament. But tl 
13 certain, that those who hold the first opinion can by 
means agree what theology should be taught ; and tl 
those who maintain the second are in a small minority. 
_ At any rate "make people learn to read, write, and 
cipher," say a great many ; and the advice is un- 
doubtedly sensible as far as it goes. But, 
happened to me in former days, those who, in despair 
getting anything better, advocate this measure, are n 
with tlic objection that it is very like making a ch: 
practise the use of a knife, fork, and spoon, withoi 
^ giving It a particle of meat. I really don't know wl 
gy lato be made to such an oljjection. 
But It would be unprofitable to spend more time 
"mtangliDg, or rather in sliowing up the knots in. ' 
skeins of our nei!Csli\)oui-a. Slutli more to 
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purpose is it to ask if wc possess any cliic of our own 
■which miiy guide us among these entanglements. And 
by way of a beginning, let U3 ask om-selves — Wliat ia 
education ? Above all things, what is our ideal of a 
thoroughly liberal education '! — of that education which, 
if we could begin ILf'e again, we would give ourselves — 
of that education which, if we could mould the fates to 
our own will, we would give our children. Well, I know 
not what may be your conceptions upon this matter, 
but I wUl tell you mine, and I hope I shall find that our 
views are not very discrepant. 



it were perfectly certain that tlic life and 
fortune of every one of ua would, one day or other, 
depend upon his winning or losing a game at chess. 
Don't you think that we shoiJd all consider it to be a 
primary duty to learn at least the names and the moves 
of the pieces ; to have a notion of a gambit, and a keen 
eye for all the moans of giving and getting out of check? 
Do you not think that we should look with a disappro- 
bation amounting to scorn, upon the father who allowed 
his son, or the state which allowed its members, to grow 
up without knowing a pawn from a knight 1 

Yet it is a very plain and elementary truth, that the 
life, the fortune, and the happiness of every one of us, 
and, more or less, of those who are connected with us, do 
depend upon our knowing something of the rules of a 
game infinitely more difficult and complicated than chess, 
it is a game which has been played for untold ages, every 
man and woman of us being one of the two players in a 
game of his or her own. The chess-board ia the world, . | 
the pieces are the phenomena of the universe, the rules if 
of the game are what we call tbe laws of Nature. The 
player on the other side is bidden from us, "We know 
that his play is always fair, just, and patient, Eut also 
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w-c know, to our cost> tliat he never overlooks a mistake 
OP makes the snijillust aUowunce for ignorance. To thi 
mau who plays \vi.>ll, tiic highest stukca are paid, with th; 
ROi-t of overrtowiug generosity witli whicli the Btron^ 
ahowa delight in strength. And one who plays ill i 
checkmated — witbont haste, bnt without remorse. 

My metaphor will remind some of you of the famou 
|>icturc in wliieh Retzsch has depicted Satan playing a 
chess with man for liia souL Substitate for the mocMuj 
licnd in that picture, a calm, strong angel who ia playinj 
for love, as we say, and would rather lose than win — an( 
1 Khould accept it as an image of human life. 

Well, what I mean by Education is learning the nila 
of this mighty game. In other words, education ia th( 
instnietion of the intellect in the laws of Nature, unde 
wbieh name I include not merely things and their forces 
but men and their ways ; and the fashioning of tlw 
affections and of the will into an earnest and Ioviii| 
desire to move in harmony with those laws. For me 
education means neither more nor less than this. Any- 
tiling which professes to call itself education must 1j? 
tried by this standard, and if it fails to stand the test, J 
will not call it education, whatever may be the force o: 
authority, or of numbers, upon the other side. ___ 

It is important to remember that, in strictness, then 
is no such thing as an uneducated man. Take an ess 
tremc case. Suppose that an adult man, in the ful 
vigour of his faculties, could be suddenly placed in th( 
world, as Adam is said to have been, and then left t( 
do as he best might. How long would he be lefl 
uneducated ? Not five minutes. Natui'c would begii 
to teach him, through the eye, the ear, the touch, thi 
properties of objects. Pain and pleasure would be at hii 
olbow telliijg him to do this and avoid tliat; and by slow 
•h.'grecs the mau would receive an education, which, 1 
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nn,rrow, would Tic tliorough, real, aud adcqiintc to his 
circumstinces, though theru would be no extras .ind very 
few aeeomplishineiits. 

And if to this solitary man entered a second Adam, 
or, tetter still, an Eve, a new and greater world, that of 
Boeial and moral phenomena, would be revealed. Joys 
and woes, compared \vith which all othera might Bccm 
but faint shadows, would Gpring from the new relations. 
Ilappinesa and sorrow would take the place of the 
coai'Ser monitors, pleasure and pain ; but conduct would 
stni be shaped by the observation of the natural conse- 
quences of actions ; or, in other words, by the laws or 
the nature of man. 

To every one of us the world was once as fresh and 
new as to Adam. Aud then, long before we were sus- • 
ceptible of any other mode of instruction, Nature took 
us in hand, and every minute of waking life brought its 
educational influence, shaping our actions into rough 
accordance with Nature's laws, so that we might not be 
ended untimely by too gross disobedience. Nor should 
I speak of this process of education as past, for any one, 
be he as old as he may. For every man, the world is as 
fresh as it was at the first day, and as full of untold 
novelties for him who has the eyes to sec them. And 
Nature is still continuing her patient education of us in 
that great university, the universe, of which we are all 
members — Nature having no Test-Acte. 

Those who take honours in Nature's university, who 
loam the laws which govern men and things and obey 
them, are the really great and successful men in thi.s 
world. The great mass of mankind arc the "Poll," who 
pick up just enough to get through without much di.^- 
credit. Those who won't learn at all are plucked; and 
then you can't come up again. Nature's pluck means 
e.t terminal ion. 
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Thus the question of compulsory education is settlet 
BO far as Nature is concerned. Her bill on that question 
was framed and passed long ago. But, like ail com- 
pulsory legislation, that of Nature is harsh and waatefu] 
in ita operation. Ignorance la visited as sharply as 
wilful disobedience — incapacity meets with the same 
punishment as crime. Nature's discipline is not even a 
word and a blow, and the Mow first ; but the blow 
without the word. It is left to you to find out why 

your cars are boxed. 

The object of what we commonly call education — that 
education in which man intervenes and which I shall 
distinguish as artificial education — is to make good these 
defects in Nature's methods ; to prepare the child to 
receive Nature's education, neither incapably nor ignn- 
rantly, nor with wilful disobedience ; and to understand 
the preliminary Bymptoms of her displeasure, without 
waiting for the box on the car. In short, all artificijU 
education oiight to be an anticipation of natural educa- 
tion. And a liberal education is an artificial education, 
which has not only prepared a man to escape the 
great evils of disobedience to natural laws, but has 
trained him to appreciate and to seize upon the rewards, 
which Nature scatters with as free a hand as her 
penalties. 

That man, I think, has had a liberal education, who 

has been so trained in youth that bis body is the ready 

servant of his wiU, and does with ease and pleasure all 

the work that, as a mechanism, it is capable of; whose 

intellect is a clear, cold, logic engine, with all its parts 

of equal strengtli, and in smooth working order ; ready, 

^ like a steam engine, to he turned to any kind of work, 

I and epin the gossamers as well as forge the anchors oi 

[ithe mind ; whose mind is stored with a knowledge of 

the great and fundamental tiiiths of Nature and of thtj 
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kwg of lier opcriitions ; one who, no stunted ascetic, is 
full of life and fire, but wliose passions are trained to 
come to heel by a vigorous will, the servant of a tender 
conscience; who has learned to love all beauty, whether 
of Nature or of art, to bate all vileuess, and to respect 
Dthers as himself. 

Such an one and no other, I conceive, has had a liberal 
education ; for he is, as completely as a man can be, in 
liarmony with Nature, He will make the best of her, 
and she of him. They will get on together rarely; she 
as bis ever beneficent mother ; he as her moutb-picec, 
Lcr conscious self, ber minister and interpreter. 

Where is such an education as this to bo had ? 
Where I3 there any approximation to it? Has any one 
tried to found such an education? Looking over the 
length and breadth of these islands, I am afraid that all 
these questions must receive a negative answer. Con- 
sider our primary schools, and what is taught in them, 
A child learns : — 

1, To read, write, and cipher, more or less well; but 
in a very large proportion of cases not so well as to take 
pleasure in reading, or to be able to write the commonest 
letter properly. 

2, A quantity of dogmatic theology, of which the 
child, nine times out of ten, understands next to nothing, 

3. Mixed up with this, 30 as to seem to stand or fall 
with it, a few of the broadest and simplest principles of 
morality. This, to my mind, is much as if a man of 
science should make the story of the fall of the apple in 
Newton's garden, an integral part of the doctrine of 
gravitation, and teach it as of equal authority with the 
law of the inverse squares, 

4. A good deal of Jewish history and Syrian geo- 
graphy, and, perhaps, a little something about English j 
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history ami tlie geography of the child's own country. 
But I doubt if there is a piimaty school in England in 
which hangs a map of the hundred in which the -villago 
lies, so that the children may be practically taught by it 
what a map means. 

5. A certain amount of regularity, attentive ohedici 
respect for othera : obtained by fear, if the master bo ii 
competent or foolish ; by love auj reverence, if he bo wise. 

So far as this school course embraces a training in 
the theory and practice of obedience to the moral laws 
of Nature, I gladly admit, not only that it contains a 
valuable educational element, but that, so far, it deals 
with the most valuable and important part of all educa- 
tion. Yet, contrast what is done in this direction witli 
what might be done ; with the time given to matters of 
comparatively no importance ; with the absence of any 
attention to things of the highest moment ; and one ia 
tempted to think of Ftdstaff's bill and "the halfpenny 
worth of bread to all that quantity of sack." 

Ijet us consider what a chilj thus " educated" knows, 
and what it does not know. Begin with the most im- 
portant topic of all — morality, as the guide of conduct 
The child knows well enough that some acts meet with 
approbation and some with disapprobation. But it has 
never heard that there lies in the nature of things a 
reason for every moral law, as cogent and as well defined 
as that which underlies every physical law ; that stealing 
and lying are just as certain to be followed by evil 
consequences, as puttuig your hand in the fire, or jui 
ing out of a garret window. Again, though the 6ch( 
may have been made acquainted, in dogmatic fashioi 
with the broad laws of morality, he has had no traininj^ 
in the application of those laws to the difficult problems 
which result from tlie complex conditions of moderu 
jiviliaiition. ^Vo^lld it not be very hard to expect any oi 
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to solve a problem m conic sections ■who lincl merely been 
tauglifc tLo axioms and definitions of mathematical science? 

A workman has to bear hard labour, and perhaps 
privation, while he sees others rolling in wealth, and 
feeding their dogs with what would keep his children 
from Btarvation, Would it not be well to have helped 
that man to calm the natural promptings of discontent 
by showing him, in his youth, the necessary connexion 
of the moral law which prohibits stealing with the 
stability of society — by proving to him, once for all, that 
it 13 better for his own people, better for himself, better 
for future generations, that he should starve than steal ? 
If yon have no foundation of knowledge, or habit of 
thought, to work upon, what chance have yon of persua- 
ding a hungry man that a capitalist is not a thief "with 
a circumbendibus ? " j4nd if he honestly believes that, of 
what avail is it to quote the commandment against steal- 
ing, when he proposes to make the capitalist disgorge ? 

Again, the child learns absolutely nothing of the 
history or the political organization of his own country, 
llis general impression is, that everything of much im- 
portance happened a very long while ago ; and that the 
Queen and the gentlefolks govern tlie country much 
after the fashion of King David and the elders and 
nobles of Israel — his sole models. "Will you give a man 
with this much information a vote ? In easy times he 
sells it for a pot of beer. Why should he not ? It is of 
about as much use to him as a chignon, and he knows as 
much what to do with it, for any other purpose. In bad 
times, on the contrary, he applies his simple theory of 
government, and believes that his rulers are the cause of 
Ilia sufferings — a belief which sometimes bears remark- 
able practical fiuits. 

Least of all, does the child gather from this primaiy 
"education" of ours a conception of the laws of tlii; 
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pliysiciU world, or of the relations of cause anil effecft 
therein. And tins is the more to be lamented, as the 
poor are especially exposed to physieal evils, and are 
more jntcrested in removing Ibcm than any other class 
of the communit}'. If any one is concerned in knowing 
the ordinary laws of mechanics one wonld think it is the 
hand-labourer, whose daily toil lies among levers an^ 
})uUeys ; or among the other implements of artisan work, 
And if any one is interested in the laws of health, it if 
the poor workman, whose strength is wasted by ill-pre* 
pared food, whose health is sapped by bad ventilation and 
bad drainage, and half whose children are massacred bj 
disorders which might be prevented. Not only docs om 
present primary education carefully abstain from hintintf 
to the workman that some of his greatest evils are trace* 
able to mere physical agencies, which could be removei 
by energy, patience, and frugality ; but it does worse- 
it rcndei-3 him, so far as it can, deaf to those who couli 
help him, and tries to substitute an Oriental submissicH 
to what is falsely declared to be the will of God, for hi 
natural tendency to strive after a better condition. 

What wonder then, if very recently, an appeal lig 
been made to statistics for the profoundly foolish put 
pose of showing that education is of no good — that i 
diminishes neither misery, nor crime, among the masses e 
mankind 1 I reply, why shoidd the thing wliieh ha 
l)een called education do either the one or the other ? ] 
I am a knave or a fool, teaching me to read and writ 
Won't make me less of either one or the other — iinlcj 
Somebody shows me how to put my reading and writin 
l^to wise and good purposes. 

^^^^upposo any one were to argue that medicine is of i 
^^R, because it could be proved statistically, that l^ 
^^Kcentagc of deaths was just the same, among pco|^ 
^^^Ki had been taught how to open a medicine chest, ac 
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nmong tliose wlio did not so mueli as know the key by 
sigit. The argument is absurd ; but it is not more 
preposkTOus than that against which I am contending. 
The only medicine for sufiering, crime, and all the other 
woes of mankind, is wisdom. Teach a man to read and 
write, and you have put into his hands the great keys of 
ihe wisdom box But it is quite another matter whether 
he ever opens the box or not. And he is as Hkely to 
poison as to cure himself, if, without guidance, he I 
swallows the first drug that comes to hand. In these I 
times a man may as well be purblind, as unable to read 
— -lame, as noable to write. But I protest that, if 1 
thought the alternative were a necessary one, I would 
rather that the children of the poor shoidd grow up 
ignorant of both these mightj' arts, than tliat they should | 
remain ignorant of that knowledge to which these arts 
are means. 

It may be eiiid that all these animadvereions may 
apply to primary schools, but that tlic higher schools, at I 
any rate, must be allowed to give a Mberal education. 
In fact, they professedly sacrifice everything else to tliis 
object 

Let us inquire into this matter. 'Wliat do the higher 
schools, those to which the great middle class of the 
country sends it children, teach, over and above the in- 
struction given in the primary schools ? There is a little j 
more reading and writing of English. But, for all that, I 
every one kuows that it is a rare thing to find a boy of 1 
t!;e middle or upper classes who can read aloud decently, \ 
or who can put his thoughts on paper in clear and gram- 
aialical (to say nothing of good or elegant) language. 
The " ciphering" of the lower schools expands into 
eleiacntary mathematics in the higher; into arithmetic, J 
■ili^ a little algebra, a little Emdid. But I doubt if 
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}y in 6ve huadrcd lias ever licnnl tlie csplai 
of a rule of arithmetic, or kuowa bla Euclid otherwise 

tlian by rote. 

Of tlicology, the middle class schoolboy gets rather 
less than poorer children, less absolutely aud leas rela- 
tively, because there are so many othc? claims upon his 
attention. I venturo to say that, iQ the gi-cat majority 
of cases, his ideas on this Bubject when be leaves school 
arc of the most shadowy and vague description, and 
associated with painful impressions of the weary hours 
spent in learning collects and catechism by heart. 

Modern geography, modem history, modem literature , 
the English language as a. language ; the whole circle 
of the sciences, physical, moral, and social, are even 
more completely ignored in the higher than in the lower 
schools. Up till within a few years back, a boy might 
have passed through nny one of the great public schools 
with the greatest distinction and credit, and might never 
so much as have henrd of one of tho subjects I have 
just mentioned. lie might never have heard that the 
earth goes round the sun; that England underwent a 
great revolution in 1G8S, and France another in 1789 ; 
that there once lived. certain notable men called Chaucer, 
Shakspcare, Milton, Voltaire, Goethe, Schiller. The iii-st 
might be a German and tho last an Euglishman for any- 
tliiug ho could tell you to the contrary. And as for 
seieure, the only idea the word would suggest to his 
mind would be dexterity in boxing. 

I have said that this was the state of things a few 
years back, for the sake of the few righteous who arc 
to be found among the educational cities of tho plain. 
But I would not have you too sanguine about the result, 
if you sound the minds of the existing generation of 
public sclioolboya, on such topics as tliose I hav^ 
mentioned. 
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Now let us pause to considfr tliia ■wondorful stato of 
nffairs; for the time ^viIl come when. Eiiglishmcii will 
quote it as the stock example of the stolid stupidity of 
their ancestors in the nineteenth century. The most 
tlioroughly commercial people, the greatest voluntary 
wanderers and colonists the world has ever seen, are 
precisely the middle classes of this country. If there be 
a people which has been busy making history on the 
gi'cat scale for the last thi'ee hundred years — and the 
moat profoimdly interesting history — history Avbich, if 
it happened to be that of Greece or Eome, we should 
atudy with avidity — it is the English. If there be a 
people which, during the same period, has developed a 
remarkable literature, it is our own. If there be a 
nation whose prosperity depends absolutely and wholly 
upon their mastery over the forces of Nature, upon their 
intelligent apprehension of, and obedience to, the laws 
of the creation and distribution of wealth, and of the 
stable equilibrium of the forces of society, it is pre- 
cisely this nation. And yet this is what these wonderful 
people tell their sons : — " At the cost of from one to two 
thousand pounds of our hard earned money, we devote 
twelve of the most precious years of your lives to school. 
There you shall tod, or bo supposed to toil ; but there 
you shall not learn one single thing of all those you will 
most want to know, directly you leave school and enter 
upon the practical business of life. You will in all 
probability go into business, but you shall not know 
where, or how, any article of commerce is produced, or 
the diiference between an export or an import, or the 
meaning of the word 'capital.' You will very likely settle 
in a colony, but you shall not know whether Tasmania 
ia part of New South Wales, or vice versii. 

" Veiy probably you may become a manufacturer, but 
you fjhall not be provided with the means of imder- 
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etandiiig the working of one of your own steam-engines^' 
or the nature of the raw products you employ ; and, 
when you are asked to buy a patent, you shall not have 
the slightest means of judging whether the inventor is 
an impostor who is contravening the elementary priuJ 
ciples of science, or a maa who will make you as rioH 
as Crtesus. T 

" You will very likely get into the House of Commons. 
You will hr.ve to take your share in making laws which 
may prove a blessing or a eiirse to millions of men. 
But you shall not hear one word respecting the politicd" 
organization of your eountiy ; the meaning of the conT 
ti'oversy between freetraders and protectionists 
never have been mentioned to you ; you shall not i 
much as know that there are such things as economica 
I:i.wa. 

" The mental power which will be of most impcrtanct 
ill your daily life will be the power of seeing things as 
I liey arc without regard to authority ; and of drawii 
accurate general conclusions firom particular facta. Baj 
at school and at college you shall know of no source c 
tnith but authority : nor exercise your reasoning faculta 
upon anything but deduction from that' wMbE is 1 
down by authority. 

" You will have to weary your soul with work, am 
many a time eat your bread in. sorrow aud in bitteraea 
and you shall not have learned to take refuge in tU 
freat source of pleasure without alloy, the serene resting! 
ikce for worn human nature, — the world ot art." 

Said I not rightly that we are a wonderful people ?,■ 
I am quite prepared to allow, that education entirely 
devoted to these omitted subjects might not be a com- 
pletely liberal education. But is an education which 
Ignores them all, a liberal education "i Nay, is it too 
much to say that the education which should embrace^ 
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tliese siilijccts and uo otliers, would be a real educa- 
tion, though ail incomplete one ; while an education 
which omits them is really not an education at 
all, but a raorc or less useful coui'se of intellectual 
gymnastics \ 

For what does the tniddlc-elas3 school put in the place 
of all these things which arc left out 1 It substitutes 
what is usually comprised under the compendious title 
of the " classics " — that is to say, the languagea, the 
literature, and the history of the ancient Greeks and 
Eomans, and the gcogrnpliy of so much of the world 
as was known to these two great nations of antiquity. 
Now, do not espeet me to depreciate the earnest and 
enlightened pursuit of classical learning. I have not 
the least desire to speak ill of such occupations, nor 
any sympathy with those who run them down. On 
the contrary, if my opportunities had lain in that di- 
rection, there is no investigation into which I could 
have thrown myself with greater delight than that of 
antiquity. 

"What science can present greater attractions than 
philology ? How can a lover of literary excellence fail 
to rejoice in the ancient masterpieces ? And with what 
consistency could I, whose business lies so much in the 
attempt to decipher the past, and to buQd up intelligible 
forms out of the scattered fragments of long-extinct 
beings, fad to take a sympathetic, though an unlearned, 
interest in the labours of a NiebuLr, a Gibbon, or a 
Grote? Classical history is a great section of the pa- 
lajontology of man ; and I have the same double respect 
for it as for other kinds of paleontology — that is to say, 
a i-eapect for the facta which it establishes as for all 
facts, and d. still greater respect for it as a preparation 
for the discovery of a law of progress. 
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But if tlie classics were taught as they might bo 
tiiught — if boya and gii'ls were mstmctcd in Greek and 
Latin, not merely as languages, but as illustratinna of 
philological science ; if a vivid picture of life on, tlio 
shores of the Mediterranean, two thousand years ago,, 
were imprinted on the minds of scholars; if ancient 
history were taught, not as a weary series of feuds and 
fights, but traced to its causes in such men placed under 
such conditions ; if, lastly, the study of the classical 
books were followed in such a manner as to impress boya 
with their beauties, and with the grand simplicity of 
their statement of the everlasting problems of human, 
life, instead of with their verbal and grammatical pecu- 
liarities ; I still think it as little proper that they should 
form the basis of a liberal education for our contempo- 
raries, as I should tliink it fitting to make that sort of 
palaaontology with which 1 am familiar, the back-bone 
of modern education. 

It is wonderful how close a parallel to classical 
training could be made out of that paltEontology to which, 
I refer. In the first place I could get up an osteological! 
[iiimer so ai'id, so pedantic in its terminology, so alto- 
gether distasteful to the youthful mind, as to beat the 
recent famous production of the head-masters out of 
the field in all tliese excellences. Next, I could exercise 
my boys upon easy fossils, and bring out all their, 
powers of memory and all their ingenuity in the applica- 
tion of my osteo-grammatical rules to the interpretation, 
or construing, of those fragments. To those who had 
reached the higher cLisses, I might supply odd bones 
to be built up into animals, giving great honour and 
reward to him who succeeded in fabricating monstera 
most entirely in accordance with the rules. That* 
Would answer to verse-making and essay-writing in 
the dead languages. 
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"To lie F.iiro, if a great comparative anatomist wcro 
I look at these fabrications ho might shake his head, 
or laugh. But what thcnl AVould such a catastrophe 
destroy the parallel? AVhat thioli you would Cicero, 
or Horace, say to the production of the beat sixth 
form going 1 And would not Terence stop his ears 
and run out if he could be present at an English per- 
formance of his own plays f Would llamle^ in the 
mouths of a Bet of French actors, who should insist 
on pronouncing English after the i'ashion of tLcIt own 
tongue, be more hideously ridiculous ? 

But it %vill be said that I am forgetting the beauty, and , 
the human interest, which appertain to classical studies. 
To this I reply that it is only a very strong man who 
can appreciate the charms of a landscape, as he is 
toiling up a steep bill, along a bad road. What ^vith 
short-windedness, stones, ruts, and a pervading sense 
of the wisdom of rest and be thankful, most of us 
have little enough sense of the beautiful under these 
circumstances. The ordinary schoolboy is precisely in 
this case. Ho finds Parnassus uncommonly steep, and 
there is no chance of his having much time or inclination 
to look about him till he gets to the top. And nine 
times out of ten he does not get to the top. 

But if this be a fair picture of the results of classical 
teaching at its best — and I gather from those who 
Lave authority to speak on such matters that it is so — 
what is to be said of classical teaching at its worst, 
or in other words, of the classics of our ordinary middle- 
class schools^' I will tell you. It means getting up 
endless forms and rules by heart. It means turning 
Latin and Greek into English, for the mere sake of 
being able to do it, and without the smallest regard 

' For a justifirnticFii of wliat is lioro eniil uLont theaa eoliools, ace Uiat 
Wlurilile Lo.'k, " L^ijb on a Libtial Ediiojliou,'' ynss/m. 



to ttc wortli, or wortlJessncss, of the author reatl. It 
means the learning of innumerable, not always dccent^r 
fables in such a shape that the meaning they onec ha<J 
is dried up into utter trash ; and the only impression, 
left upon ii boy's mind is, that the people who believed 
such things must have been the gi'eatest idiots the 
world ever saw. And it mcana, finally, that after a 
dozen years spent at this kind of work, the sufferer 
Bhall be incompetent to interpret a passage in an author 
he has not already got up ; that he shall loathe the 
sight of a Greek or Latin, book ; and that he shall 
never open, or think of, a classical writer again, until, 
wonderfid to relate, he insists upon submitting hia. 
sons to the same process, 

These be your gods, Israel ! For 'the sake of this,' 
net result (and rcspcctahihty) the British father denieSf 
his children all t!ie knowledge they might turn to' 
account in life, not merely for the achievement o^ 
vulgar success, but for guidance in the great crises of 
human existence. This is the stone he offers to those 
whom he ia Ijonnd by the strongest and tendorest tiea 
to feed with bread. 

If primary and secondary education are in this 

satisfactory state, what is to be said to the nuiversitics ? 

This ia an awful subject, and one I almost fear to 

t^Juch -with my unhallowed hands ; but I can tell yot 

what those say who have authority to speak. 

• I f )"^'«^'^°'^ °^ Lincoln College, in his lately published, 

.V liable " Suggestions for Academical Organization witi 

especial reference to Oxford," tells us {p. 1^7) :— 

not f r ., '''S'^^ were, in their origin, endowments, 

but for tl <^IprGents of a general liberal edncatioHj 

.0 — -_~ lo prolonged stuily of special and professional 

™cu of riper age. TIic universities cm- 
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braced Both these objects. Tlie collef^es, while thL7 
incidcntaHj aided in elementary education, were special!}' 
devoted to the highest learQing. .... 

" This was the theoiy of the middle-age university ami i 
the design of collegiate foundations in theii- origin. Time 
and cireumstaneea have brought about a total change. 
The colleges no longer promote the researches of seienci?, 
or direct professional study. Here and there college 
wails may shelter an occasional efcudent, but not in 
larger proportions than may be found in private life. 
Elementary teaching of youths under twenty is now 
the only function perfoi-med by the university, and 
almost the only object of college endowments. Colleges 
were homes for tlie life-study of the highest and most 
abstruse parts of knowledge. They have become boarding 
schools in which the elements of the learned languages 
arc taught to youths." 

If Mr. Pattison's high position, and his obvious love 
and respect for his university, be insufficient to convince 
the outside world that liujguage so severe is yet no 
more than just, the authority of the Commissioners 
«-ho reported on the University of OsCOrd iu 1850 is 
fipen to no challenge. Yet they write : — 

" It ia generally acknowledged that both Oxford and 
the country at large suffer greatly from the absence of a 
l.>ody of learned men devoting their lives to the cultivation 
of science, and to the direction of academical education. 

" The fact that so few books of profound researcli 
from the University of Oxford, materially 
(airs its character as a seat of learning, and con- 
nently its hold on the respect of the nation." 
ambridge can claim no exemption from tlie reproaches 
nddrcssed to Oxford. And thus there seems no escape 
fi-om the admission that what we fondly cull our great 
learning are simply "boarding scliools" for 
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bigger Ijoys ; that learned men are not more numerous 
ill them than out of thera ; that tlic advancement of 
knowledge is not the ohjcct of fellows of colleger ; 
that, in the philosophic calm and meditative stillness 
of their grcenawarded courts, philosophy does not thrive, 
and meditation hears few fruits. 

It is my great good fortune to reckon amongst my 
frlenda resident members of both universities, who arc 
men of learning and research, zealous cultivators of 
science, keeping before tlioir minds a noble ideal of a 
univeraity, and doing their best to make that ideal a 
reality; and, to me, they would necessarily typify the 
imiveraitica, did not the authoritative statements I have 
tjuoted compel me to believe that they are exceptional, 
!tud not representative men. Indeed, upon calm con- 
sideration, several circumstances lead me to think that 
the Rector of LLncola Collego and tlio Commissioner 
cannot be far wrong. 

I believe there can bo no doubt that the foreigner 
\vho should wish to become acquainted with the scientific, 
or the literary, activity of modem England, would simply 
lose his time and his pains if he visited our universities 
with that object. 

And, as for works of profound research on any subject, 
aud, above all, in that classical lore for which the 
universities profess to sacrifice almost everything else, 
why, a third-rate, poverty-stricken German university 
turns out more produce of that kind in ono year, than 

C vast and wealthy foundations elaborate in ten. 

ask the man who is investigating any question, pro- 

fedly and tlioroughly — bo it historical, philosophical, 

lological, physical, literary, or theological ; who m 
J to make himself master of any abstract subject 
ipt, perhaps, political economy and geology, both 
■flich are intensely Anglican sciences) wlietlicr ho 



I 



m.] A linEUAL ZDVCATJOn. 

is not compolluJ to rcatl Lalf a dozen times as many « 
(jGiinan, as English, books ? And ■wliL'tlier, of these 
English books, more than one in ten is the work of 
a fellow of a college, or a professor of au English 
university ? 

Is this from any lack of power in the English as 
compared with the German mind % The countrymen 
of Grotc and of ilill, of Faraday, of Robert Brown, 
of Lyell, and of Darwin, to go no further back than 
the contemporaries of men of middle age, can afford 
to smUe at such a suggestion. England can show now, 
!i8 she has been able to show in eveiy generation since 
civilization spread over the West, individual men who 
hold their own against the world, and ku'cp alive the 
old tradition of her inteUectual eminence. 

But, in the majority of cases, these men are what 
they arc in virtue of their native iutellectual force, and 
of a strength of character which will not recognise impedi- 
ments. They are not trained in the courts of the 
Temple of Science, but storm tlie walls of that edifice in 
all sorts of irregular ways, and with much loss of time ' 
and power, in order to obtiiin their legitimate positions. 

Our universities not only do not encourage such men ; 
do not offer them positions, in which it should be their 
highest duty to do, thoroughly, that which they are most 
capable of doing ; but, as far as possible, university tiiiin- 
ing shuts out of the minds of those among them, who 
are subjected to it, the prospect that there is anything in 
the world for which they are B])ccially fitted. Imagine 
the success of the attempt to still the intellectual hmjgcr 
of any of the men I have mentioned, by putting before 
him, as the object of existence, the successful mimicry 
of the measure of a Greek soug, or the roll of Ciceronian 
prose I Imagine how mucli success would be likely 
f'lflttcncl the attempt to persuade such men, that the 
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education which leads to pci-ft'ction in such elegancies 
is alone to be called culture ; while the facta of historyj 
the process of thought, the conditions of moral i 
social existence, and the lawa of physical nature, 
left to be dealt with as they may, by outside bai 
I )arians 1 

It is not thus that the German universities, i 
being l)eneath notice a century ago, have beeomo wha! 
ilicy are now — the most intensely cultivated and 1 
moat productive intellectual corporations the world baj 
ever seen. 

The student who repairs to them sees in the list i 
classes and of professors a fair picture of the world 
(jf knowledge. AVhatevcr he needs to know there is 
some one ready to teach him, some one competent to 
discipline Mm in the way of learning ; whatever his 
special bont, let him but be able and diligent, and in 
due time he shall find djstiuction and a career. Among 
bis professors, be sees men whose names are known 
and revered throughout the civilized world ; and theii 
living example infects him with a noble ambition, and s 
l(we for the sphit of work. 

The Gennans dominate the intellectual world bw 
virtue of the same simple secret iis that which mad« 
Napoleon the master of old Europe. They have dcckrca 
la carriHre ouverte aux talents, and every Bursc^ 
marches with a professor's gown in his knapsack Le| 
iiim become a great Bcholar, or man of science, 
njiuJstei-3 will compete for his services. In Germany^ 
(Iicy do not leave the chance of his holding the oihoi 
lie would render illustrious to the tender mercies of i 
hot canvass, and the final wisdom of a mob of couutxjj 
I'.irsona 

in ehorfc, in Germany, the universities are exactly whaL 
tiiQ Tircfnr of I.incoln and the Commissioners tell us thffl 
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English univcrsilica arc not ; that is to s:iy, corjioratlona. i 
" of learned nion devoting their lives to the cultivation 
of science, and the direction of academical education." 
They are not " boarding schools for youths," nor clerical 
seminaries ; but institutions for the higher culture of 
men, in -which the theological faculty is of no more 
importance, or prominence, than the rest ; and wluch 
are truly "universities," since they strive to represent 
and embody the totality of human knowledge, and 
to find room for all forma of intellectual activity. 

May zealous and clear-headed reformers like Mr. 
I'attison succeed in their noble endeavours to shape 
our universities towards some such ideal as this, without 
losing what is valuable and distinctive in their social 
tone ! But until they have succeeded, a liberal education 
will be no more obtainable in our Oxford and Cambridge 
Universities than in our public schools. J 

If I am justified in my conception of the ideal of a 1 
liberal education ; and if what I have said about the 
existing educational institutioua of the country ia also 
time, it is clear that the two have no sort of relation 
to one another; that the best of our schools and the 
most complete of our university ti-aiuings give but 
a narrow, one-sided, and essentially dliberal education — 
while the worst give what is really next to no education 
at a!L The South London Working-Men's College 
could not copy any of these institutions if it would. | 
I am bold enough to express the conviction that if] 
ought not if it could. 

I'or what is wanted is the reality and not the mcra i 
name of a liberal education ; and this College must 
isteadily set before itself the ambition to be able to 
give that education sooner or later. At present wo ' 
are hut beginning, Bhar[jfuiiig our cducatioual t 
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ofl it were, and, except a modicum of physical sciciict 

wc are not able to ofl'er much more than is to ho fouiii 
ill au ordinary school. 

Moral and social science — one of the greatest am 
most fruitful of our future classes, I hope — at present 
lacks only one thing in our programme, and that is a. 
teacher. A considerable want, no doubt ; but it must 
be recollected that it is much better fo want a teachra: 
than to want the desire to learn. i 

Further, we need what, for want of a better nam^'' 
I must call Physical Geography. What I mean is that 
which the Germans call " Ei-dkunde" It is a descrip- 
tion of the earth, of its place and relation to other 
bodies ; of its general structure, and of its great features 
—winds, tides, mountains, plains ; of the chief forms 
of the vegetable and animal worlds, of the varieties 
of man. It is the peg upon, which the greatest quantity 
of useful and entertaining scientific information can ' 
suspended. 

Literature is not upon the College programme ; but 
I hope some day to see it there. I'or literature is 
tho greatest of all sources of refined pleasmre, and one 
of the great uses of a liberal education is to enable 
U3 to enjoy that pleasure. There is scope enough fur 
the purposes of liberal education in the study of the 
rich treasures of our own language alone. All that 
13 needed is direction, and the cultivation of a refined 
taste by attention to sound criticism. But there is 
no reason why French and German should not be 
miistcred sufficiently to read what is worth reading 
iu those languages, with pleasure and with profit. 

And finally, by-and-by, we must have Iliatory ; 
treated not as a succession of battles and dynasties ; 
not a.^ a series of biographies ; not an evidence thai 
once has always ba:u on the side of cithe. 
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or Tories; but as the development of man in times 
past, and in other conditions than our own. 

But, as it is one of the principles of our College to 
be self-supporting, the public must lead, and we must 
follow, in these matters. If my hearers take to heart 
what I have said about liberal education, they will 
desire these things, and I doubt not we shall be able 
to supply them. But we must wait till the demand 
is made. 




gOIE^fTIFIC EDUCATION: NOTES OF AN 
APTEE-DINNEE SPEECH. 



[Mn. TnACKERir, talking of after-dinner Fpeoches, has lamented that 
" one never can recollect the fine things one thought of in tbft' 
cab," in goiug to tho place of entertain ment. I am not awaro that 
thero are any " fine lliin^^a " in the following pages, but such aa 
there are stand to a speech which really did get itself spoken, at 
tho hospitable table of llio Liverpool I'hilomathtc Society, more or 

, less in tho position uf what " one thought of in the cab."] 



The introduction of scicntifie training into the generali 
educatioa of the country is a topic upon, -which 
could not have spoken, without some more or lei 
apologetic introduction, a few years ago. But upo] 
this, aa upon other matters, puhhc opinion has of lal 
undergone a rapid modification. Committees of both 
Houses of the Legislature have agreed that something 
must be done in this direction, and have even thrown 
out timid and faltering suggestions as to what should 
be done ; whOe at the opposite polo of society, com- 
mittees of working-men have expressed their conviction 
that scientific training ia the one thing needful for 

lir advancement, whether aa men, or as workmen. 

the other day, it was my duty to take part in 

ption of a deputation of London working men, 

^-il to learu ii'om Sir Roderick Miirehison, tho 

the Koyal School of Mmes, whether 
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organization of the Institution in Jcrmyn Street could 
be made available for the supply of that scientific 
instruction, tlie need- of Tvliich could not kavo been 
apprehended, or stated, mora clearly than it waa by 
them. 

Tlie heads of colleges in our great Universitica (who 
have not tho reputation of being the most mobile of 
persons) have, in several cases, thought it well that, 
out of the great number of honours and rewards at 
their disposal, a few should hereafter be given to the 
cultivators of the physical sciences. Kay, I hear that 
some colleges have even gono so far as to appoint one, 
or, may be, two special tutors for the purpose of putting 
the facts and principles of physical science bel'ore tho 
undergraduate mind. And I say it "with gratitude 
and great respect for those eminent persons, that the 
head masters of our public schools, Eton, Harrow, 
Winchester, have addressed thcmselvea to the problem 
of introduciug instLTietion in physical science among 
the studies of those great educational bodits, with 
much honesty of purpose and cnliglitcnment of under- 
standiug ; and I live in hope that, before long, impor- 
tant changes in this direction will be carried into enect 
in those strongholds of ancient prescription. In fact, 
such, chauges have already been made, and physical 
science, even now, constitutes a recognised element of 
the school curriculum in Harrow and Eugby, ■whilst 
I undei-stand that ample preparations for such studies 
are being made at Eton and elsewhere. 

Looking at these facts, I might perhaps spare myself 
tbo trouble of giving any reasons for the introduction 
of physical science into eleracntary education; yet I 
cannot but think that it may be well, if I place before 
you some considerations which, perhaps, have hardly 
^~~-3ivcd full attenLiou. 



I 

1 



iv.T 



SCIENTIFIC EWCJTIoy. 



57 I 



influRncc on several of the profcssiong. I nsli any one 
who has adoptccl the calling of an engineer, how much 
time he lost ■when he left school, because he had to 
devote himself to pursuits which were absolutely novel 
and strange, and of "which he had not obtained the 
remotest conception from his instructors ? He had 
to familiarize himself with ideas of the course and 
jwwers of Nature, to which his attention had never 
been directed during his sclicol-life, and to loam, for 
the first time, that a world of facts lies outside and 
beyond the world of words. I appeal to those who ] 
know what Engineering is, to say how far I am right j 
in respect to that profession ; but with regard to ] 
another, of no less importance, I shall venture to 
speak of my own knowledge. There is no one of 
ua who may not at any moment be thrown, bound 
hand and foot by physical incapacity, into the bands 
of a medical practitioner. The chances of life and 
death for all and each of us may, at any moment, 
depend on the skill with which that practitioner ia 
able to make out what is wrong in our bodily frames, 
and on his ability to apply the proper remedy to the 
defect. 

The necessities of modem life are such, and the 
class from which the medical profession is chiefly 
recruited is so situated, that few medical men can hope 1 
to spend more than three or four, or it may be five, | 
years in the pursuit of those studies which are imrac- J 
diately germane to physic. How is that all too brief ] 

Eeriod spent at present ? I spealc as an old examiner,"i 
aving served eome eleven or twelve years in tliat ' 
capacity in the University of London, and therefore 
having a practical acquaintance with the subject; 
but 1 might fortify myself by the authority of the 



aidcnt of tlw College of Surgeons, Mr. Quain, whom 
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I licard the other day in an admirable adJrpsa (tha 
Ilmiterian. Oration) deal fully and wisely ■\vitli this very 
topic.^ 

A young man commencing the study of medicine ia 
at once required to endeavour to make an acquaintance 
with a number of seionces, such as Physics, as Chemistry, 
aa Botany, as Physiology, which are absolutely and entirely 
Blrange to him, however excellent his so-called education 
at school may have been. Not only is he devoid of all 
apprehension of scientific conceptions, not only does he 
fail to attach any meaning to the words "matter," 
"force," or "law" in their scientific senses, but, worse 
still, he has no notion of what it is to come into contact 
with nature, or to lay his mind alongside of a physical 
fact, and try to conquer it, in the way our great naval 
hero told liis captains to master their enemies. His 
whole mind has been given to books, and I am hardly 
exaggerating if I say tbat they are more real to him 
than Nature. lie imagines that all knowledge can be 
got out of books, and rests upon the authority of some 

> Mr. Quflic'sTords (jlf (i»'i2 rtJJWsiHti Ga^eHe, Februaty 20) are : — "A 
few wordB as to our special MedicaJ coutse of matniction and tho influenos 
upon it of BUch changes in the elementary Bchools its I have mentioned. The 
Student now enters at once upon several soieacea — physics, chemistry, nnatoniy, 

iihysiology, botany, phmmacy, therapeutics — ail these, tha facts and the 
iinguiige and the laws of each, to he niiistered in eighteen months. Up to 
the beginning of the Medical course many have learned little. We cannot 
claim Hnythtng better, than the Eiajniner of tba University of London and 
Ihe Cambrid^'e Lecturer have reported for their Universitiea. Supposing that 
nt school young people had acquired some exact ekraenttit; knowledge in 
physics, chemistry, and iv branch of natural history— say botany — with tlio 
physiology connected with it, they would then have gained necessary know- 
ledge, with Bonie practice in indn-ctive reasoning. The whole Btiidiea arc 
proMBsca of observation and induction — tho best discipline of the mind for 
'he purposes of life — for our purposes not leas than any. ' By such study 
(layB Dr. Whewell) of one m mare departments of inductive science tho 
*iiiid may escape from tho thraldom of mere words.' By that pl;in tha 
ouwien of the oarSy Medical course would be much lightened, and more time 
uevoted to prnctioil studies, including Sir Tholuaa Walsuns 'final andsiiprenH 
Btiigo' ,j£ j[|g knowledge of Medicine. " 
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' or otlior ; nor does ho entertain any misgiving 
Eat the method of learning which led to prolicieiicy" 
in the nilca of grammar, will aufSce to lead him to a 
mastery of the laws o£ Nature. The youngster, thus 
unprepared for Berious study, is tunicd loose among 
his medical studies, with the result, in nine cases out 
of ten, that the first year of his curriculum is spent 
in learning how to learn. Indeed, he is lucky, if at 
the end of the first year, by the exertions of his teachers 
and his own industry, he has acquired even that art of 
arts. After which there remain not more than tlurce, 
or perhaps four, years for the profitable study of such 
vast sciences as Anatomy, Physiology, Therapeutics, 
Medicine, Surgery, Obstetrics, and the hko, upon his 
knowledge or ignorance of which it depends whether 
the practitioner shall diminish, or increase, the bills of 
mortaUty. Now what ia it but the preposterous con- 
dition of ordinary school education which prevents a 
young man of seventeen, destined for the practice of 
medicine, from being fidly prepared for the study of 
nature; and from coming to the medical school, equipped 
with that preliminary knowledge of the principles of 
Physics, of Chemistiy, and of Biology, upon which he 
has now to waste one of the precious years, every 
moment of which ought to be given to those studies 
which bear directly upon the knowledge of his 
profession ? 

There is anotlior profession, to the members of which, 
I think, a certain preliminary knowledge of physical 
science might he quite as valuable as to the medical 
man. The practitioner of medicine sets before himself 
the noble object of taking care of man's bodily welfare ; 
but the members of this other profession undertake to 
"minister to minds diseased," and, so far as may be, 
to diminish sin and soften sorrow. Like the medical 
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profession, tbo clerical, of whioli I now speak, rests its 
power to heal upon its knowledge of the order of the 
universe— upon certain theories of man's relation to 
that which lies outside him. It is not my business to 
express any opinion about these theories. I merely 
wish to point out that, like all other theories, they are 
professedly based upon matter of fact. Thus the clericid 
profession has to deal with the facts of Nature from ii. 
certain point of view ; and benco it comes into contact 
with that of the man of science, who has to treat the 
same facts from another point of view. You know how 
often that contact is to be described as collision, or 
violent friction ; and how great the beat, bow little 
the light, which commonly results fi-om it. 

In the interests of lair play, to say nothing of thi 
of mankind, I asl^ "Why do not the clergy as a bod;^ 
acquire, as a part of their preliminary education, some 
such tincture of physical science as will put them in 
a poiitioa to understand the difficulties in the way 
of accepting their theories, which are forced upon the 
mind of every thoughtful and intelligent man, who has 
taken the trouble to instruct himself in the elements 
of natural knowledge ? 

Some time ago 1 attended, a large meeting of th( 
ilergy, for the piu'pose of delivering an address wbi< 
I bad been invited to give. I spoke of some of th( 
most elementary facta in physical science, and of th< 
manner in which they directly contradict certain of tb( 
ordinary teachings of the clergy. The result was, tliat, 
after I bad finished, one section of the assembled eccle- 
siastics attacked me with all the intemperance of pious 
zeal, for stating facts and conclusions which no com- 
petent judge doubts ; while, after the first speakers had 
■ ^ib.=5idcd, amidst the cheers of the great majority of their 
^lleagues, the more rational minority rose to tell ml 
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tbat I bad taken wholly superfluoiia pains, that they 
akeady knew all about what I had told them, and 
perfectly agreed with mc, A hard-headed friend ot 
mine, who was present, put the not unnatural question, 
"Then why don't you say so in your pulpits?" to 
which inquiry I board no reply. 

In fact the clergy arc at present divisible into three 
sections : an immense body who are ignorant and speak 
out ; a small proportion who know and are silent ; 
and a minute minority who know and speak according 
to their knowledge. By the clergy, I mean especially 
the Proti-'staut clergy. Our great antagonist — I speak 
as a man of science — the Eouian Catholic Church, the 
one great spiritual organization which ia able to resiati 
and must, as a matter of life and death, resist, the 
progress of science and modem civilization, manages 
her affairs much better. 

It was my fortune some time ago to pay a visit to 
one of the most important of the institutions in which 
the clergy of the Roman Catholic Church in these islands 
are trained ; and it seemed to me that the difference 
lictween these men and the comfortable champions of 
Anglicanism and of Dissent, was comparable to the 
diflcrence between our gallant Vohmteers and the 
trained veterans of Napoleon's Old Guard. 

The Catholic priest ia trained to know his business, 
and do it effectually. The professors of the college in 
question, learned, zealous, and determined men, per- 
mitted me to speak frankly with them. We talked like 
outposts of opposed armies during a truce^as friendly 
enemies ; and when I ventured to point out the difK- 
culties their students would have to encounter from 
scientific thought, they replied : " Our Church has lasted 
many ages, and has passed safely through many storms. 
The present is but a new gust of the old tempest, and 
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; do not turn out our young men less fitted to weather' 
it, than they have been, in former times, to cope with 
the difficultiea of those times. The heresies of the day 
are explained to them hy their professors of philosophy 
and science, and they are taught how those heresies 
to be met." 

I heartily respect an organization whieh faces its 
enemies in this way ; and I wish that all ecclesiastical 
organizations were in as effective a condition. I think 
it would be better, not only for them, but for us. Tha 
army of liberal thought is, at ])resent, in very looi 
order; and many a spirited free-thinker makes use ol 
his freedom mainly to vent nonsense. We should 
the better for a vigorous and watchful enemy to hammi 
us into cohesion and discipline; and I, for one, laracnl 
that the bench of Bishops cannot show a man 
the calibre of Butler of the "Analogy," who, if 
were alive, would make short work of much of 
jurrent & priori " infidelity." 

^Bl hope you will consider that the arguments I havi 
^K>w stated, even if there were no better ones, con- 
stitute a sufficient apology for urging the introductioiE 
of science into schools. The next question to whieU 
I have to address myself is, AVhat sciences ought to bo« 
thus taiightl And this is one of the most important of 
questions, because my side (1 am afraid I am a tembly 
candid friend) sometimes spoils its cause by going in 
for too mucL There are other forms of culture beside 
physical science ; and I should be profoundly sorry to 
see the fact forgotten, or even to observe a tendency to 
starve, or cripple, literary, or testhetie, culture for the sake 
of science, iriuch a narrow view of the nature of educa- 
tion has nothing to do with my firm conviction that 
iomplete and thorough scientific culture ought to boJ 
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_ iccd into all schools. By tLia, however, I 

meaD that every Bchoolboy should be taught every tiling 
in science. That would be a very absurd thing to con- 
ceive, and a very mischievous thing to attempt. "What 
I mean ia, that no boy nor girl should leave school 
without possessing a grasp of the general character of 
science, and without having been disciplined, more or 
less, iu tlie methods of all sciences ; so that, when 
turned into the world to make their own way, they 
idiall be prepared to face scientific problems, not by 
knowing at once the conditions of every problem, or 
by being able at once to solve it; but by being familiar 
with the general cuiTcnt uf scientific thought, and by 
being able to apply the methods of science in the 
proper way, when they have acquainted themselves with 
the conditiona of the special problem. 

That is what I underatand by scientific education. 
To furnish a boy with such an education, it ia by no 
means necessary that be should devote his whole school 
existence to physical science : in fact, no one would 
lament so one-sided a proceeding more tlian L Nay 
more, it is not necessary for him to give up more than a 
moderate share of his time to such studies, if tliey bo 
properly selected and arranged, and if he he trained iu 
them iu a fitting manner. 

I conceive the proper course to be somewhat as: 
follows. To begin with, let every eliUd be instructed ' 
those general views of the phenomena of Nature for 
which we have no exact English name. The nearest 
approximation to a name for what I mean, which we 
possess, is " physical geography." The Germans have a 
better, " Erdkunde," ("earth knowledge" or "geology" 
ui its etymological sense,) that is to say, a general know- 

-fedge of the earth, and what is on it, in it, and about it 
one who bag bad experience of the ways of you: 
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children will call to mind tlieir quostions, lie will find' 
that so far as they can be jint into any scientific category, 
they come under this head of " Erdkunde." The child' 
asks, " "What is the moon, and why does it shine?" 
" What ia this water, and where does it run ? " " What, 
is the wind ? " " What makes the waves in the sea ? " 
" AVhero does this animal live, and what is the use of 
that plant?" And if not snubbed and stunted by being 
told not to ask foolish questions, there is no limit to the 
intellectual craving of a young chUd ; nor any bounds to 
the slow, but solid, accretion of knowledge and develop- 
ment of the thinking faculty in this way. To all such 
questions, answers which are necessarily incomplete, 
though true as far as thoy go, may be given by any 
teacher whose ideas represent real knowledge and not 
mere book learning ; and a panoramic view of Nature, 
aeeompanied by a strong infusion of the scientific habit;.- 
of mind, may thus be placed within the reach of eveiy. 
child of nine or ten. 

After this preliminary opening of the eyes to the 
great spectacle of the daily progi'css of Nature, as the 
reasoning faculties of the child grow, and he becomes 
familiar with the use of the tools of knowledge — reading, 
writing, and elementary mathematics — he should pass 
on to what is, in the more strict sense, physical science. 
Now there are two kinds of physical science : the one 
regards form and the relation of forms to one another ;: 
the other deals with causes and eflccts. In many of 
what we term our sciences, these two kinds ai-c mixed 
up together; but systematic botany is a pure example 
of the former kind, and physics of the latter kind, of 
science. Every educational advantage which training 
in physical science can give is obtainable from the proper 
study of these two; and I should be contented, for the 
present, if they, added to our *' Erdkunde," furnished. 
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the whole of tlie scientific curriculum of sclioola. Indeed, 
I eoncfivc it would be one of the greatt-'st boons whicL 
could be conferred upon England, if henceforward every 
child in the country were instructed iu tlie general 
knowledge of the things aliout it, in the elements 
of physics, and of botany. But I should be still 
better pleased if there could be added somewhat of 
chemistry, and au elementary acquaintance with human 
physiology. 

So far as scliool education is eonccmod, I want to go 
no fuilLer just now; and I believe that such instruction 
would make an cseellent introduction to tliat preparatory 
scientific tnuning which, as I have indicated, is so essen- 
tial for the successful pursuit of our most important pro- 
fessions. But this modicum of instruction must be so 
given aa to ensure real knowledge and practical disciplina 
If scientific education is to be dealt with as mere book- 
work, it will be better not to attempt it, but to stick to 
the Latin Grammar, which makes no pretence to be any- 
tliing but bookwork. 

If the. great benefits of seientiiic training arc sought, 
it is essential that such training should be real : that is 
to say, that the mind of the scholar should be brought 
into direct relation with fact, that he should not merely 
be told a thing, but made to see by the use of his own 
intellect and ability that the thing is so and no otherwise. j 
The great peculiarity of scientific training, that in virtual 
of which it cannot be replaced by any other discipliuej 
whatsoever, is this bringing of the mind directly into 
contact with fact, and practising the intellect in tbo 
completest form of induction ; that is to say, in drawing 
conclusions from particular facts made known by imme- 
dlite observation of Nature. 

The other studies which enter into ordinary education 
Rp not discipline the mind in tins way. lluthcmatieal 
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Dot be solicitous to fill him with information, but you 
must be ciircful that what he learna be knows of his own 
knowledge. Don't be satisficil with telling him that a 
magnet attracts iron. Let him see that it does ; let biV 
feel the pull of the one upon the other for himfsclf. And, 
especially, tell him that it is bis duty to doubt until he 
is compelled, by the absolute authority of Nature, to 
believe that which is written in books. Pursue this 
discipline carefully and conscientiously, and you may 
make sure that, however scanty may be the measure of 
information which you have poured into the boy's mind, 
you have created an intellectual habit of priceless value 
in practical life. 

One is constantly asked, "When should this scientific 
education be commenced ? I should say with the dawn 
of intelhgence. As I have already said, a child seeks 
for information about matters of physical science as 
soon as it begins to talk. The first teaching it wants 
is an object-lesson of one sort or another ; and as soon 
as it is fit for systematic instruction of any kind, it is fit 
for a modicum of science. 

People talk of the diificulty of teaching yonng 
children such matters, and in the same breath insist 
upon their learning their Catechism, which contains 
propositions far harder to comprehend tlian anything 
in the educational course I have proposed. Again: I 
am incessantly told that wc, who advocate the intro- 
duction of science into schools, make no allowance for 
the stupidity of the average iDOy or girl ; but, in my 
belief, that stupidity, in nine cases out of ten, "Jit, non 
nascitur," and is developed by a long process of parental 
and pedagogic repression of the natiu'id intellectual ap- 
petites, accompanied by a persistent attempt to create 
artificial ones for food which is not only tasteless^ but 
essentially indigestible. 
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Tboso who urge the difficulty of instructing yfiung 
people in science are apt to forget another very im- 
portant condition of success — important in all kinds of 
tcdehing, but most essential, I am disposed to tliiuk, 
when the scholars are very young. This condition, is, 
that the teacher should himself really and practically 
know his aubjeet. If lie does, he will be able to speak 
of it in the easy language, and with the completeness 
of conviction, with which he talks of any ordinary 
evcry-day matter. If he does not, he wiU be afraid to 
wander beyond the limits of the technical phraseology 
which he has got up; and a dead dogmatiani, which 
oppresses, or raises opposition, will take the place of 
the lively confidence, born of personal conviction, which 
cheers and encom-ages the eminently sympathetic mind 
of childhood, 

I have ah'eady hinted that such scientific training a» 
we seek for may be given without making any extra- 
vagant claim upon the time now devoted to education. 
We ask only for " a most favoured nation " clause in our 
treaty with the schoolmaster ; wo demand no more than 
that science shall have as much time given to it as any 
other single subject — say four hours a week in each class 
of au ordinary school. 

For the present, I think men of science would be well 
content with such an arrangement as this ; but speaking 
for myself, I do not pretend to believe that such au 
ngement can be, or will be, permanent. Id, theso 
•a the educational tree seems to me to have its roots 

the air, its leaves and ilowcrs in the ground ; and, I 

liess, I should very much like to turn it upside down, 
BO that its roots might be solidly embedded among the 
facta of Nature, and draw thence a sound nutriment 
[the fohage and fruit of literature and of art No 
itional system can have a claim to permanencu, 
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unless it recogiiizcs the tnith that education has two 1 
great ends to which evciything else muat be subordinated. I 
The one of these is to increase knowledge ; the other ia I 
to develop the love of right and the hatred of wrong. i 

AVith wisdom and uprightness a nation can niiite its 1 
way -worthily, and beauty will follow in the footsteps of 
the two, even if she be not specially invited ; while there 
is perhaps no sight in the wliole world more saddening 
and revolting than is oScred by men sunk in ignorance 
of everything hut wliat other men have -written ; seem- 
ingly devoid of moral belief or guidance ; but with the 
sense of beauty so keen, and the power of expression so 
cultivated, that their sensual caterwauling may be almost 
mistaken for the music of the spheres. 

At present, education is almost entirely devoted to the 
cultivation of the power of exjireseion, aud of the sense of 
literary beauty. The matter of having anything to say, I 
beyond a hash of other ircople's opinions, or of possess- 
ing any criterion of beauty, so that "we may distinguish 
between the Godlike and the dc^dhsh, is left aside as of 
no moment. I tliink I do not err m saying that if 
science were made the foundation of education, instead 
of being, at most, stuck on as cornice to the edifice, this 
state of things could not exist. 

In advocating the introduction of physical science 1 
as a leading element in education, I by no means refer 
only to the higher schools. On the contrary, I believe 
that such a change ia even more imperatively called for 
iu those primary schools, in which the children of the J 
poor are expected to turn to the best account the little I 
time they can devote to the acquisition of knowledge. ' 
A great step in this direction has ali'cady been made 
by the establishment of science-classes mider the De- 
partment of Science and Art,— a measure which came 
into existence unnoticed, but which ^^■ill, I believe, tui^n 
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out to bo of more importance to the welfare of the^ 
|n?opIe. thau many political changes, over which the 
iioisG of btiLtlc has rent the air. 

Uuder the regulation,^ to which I refer, a Bclioolmaster 
(■;m set up a class in one or more branches of science ;;J 
his pupils will be esaminctl, and the State will pay hint^ 
;it a certain rate, for all who succeed in passing. I , 
liave acted as an examiner under this system from the 
liL'ginning of its establishment, and this year I expect 
to have not fewer than a couple of thousand seta of 
Miswcrs to questions in Physiology, mainly from young 
[icople of the artisan class, who have been taught in 
the schools which are now scattered aE over Great 
Britain and Ireland, Some of my colleagues, who have 
to deal with subjects such as Geometry, for which the 
present teaching power is better organized, I under- 
^itand arc likely to have three or four times as many 
papers. So far aa my own subjects are concerned, 1 can 
uudertake to say that a great deal of the teaching, the 
results of which are before me in these examinations, is 
very sound and good ; and I think it ia in the power of 
tlio examiners, not only to keep up the present standard, 
but to cause an almost unUraited improvement. Now 
what docs this mean ? It means that by holding out 
a Tcry moderate inducement, the raastci-a of primary 
liehools in many parts of the country have been led to 
convert them into little foci of seientiJfic instruction ; and 
that they and tbcii- pupils have contrived to find, or to 
make, time enough to carry out this object with a very 
considerable degree of efhciency. That efficiency will, 
1 doubt not, be very much increased aa the system 
becomes known ami perfected, even with the very 
limited leisure left to masters and teachers on week- 
days. And this h'ads me to ask, Why should scientific 
teaehhig be limited to week-days? "" 
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Ecclesiastical ly-ii3iiided persons arc in tlie habit of 
riJUng tilings tliey do not like by very hard names, and 
I Bbould not -n-onder if they brand the proposition I 
am about to make as blasphemous, and worse. But, 
not minding this, I Tentui'e to ask, AVould there really be 
anything wrong in using part of Sunday for the purpose 
of instructing those who have no otiier leisure, in a 
knowledge of the phojnomena of I^aturc, and of man's 
relation to Nature ? 

I should like to see a scientific Sunday-school in every 
parish, not for the puipose of superseding any existing 
means of teaching the people the things that are for 
their good, but side by side with them. I cannot but 
think that there is room for all of us to work in helping 
to bridge over the great abyss of ignorance which lies 
at our feet 

And if any of the ecclesiastical persons to whom I 
have referred, object that they find it derogatory to the 
honour of the God w"hom they worship, to awaken th« 
minds of the young to the infinite wonder and majesty 
of the works which they proclaim His, and to teach 
them those laws which must needs be Ilis laws, and 
therefore of all things needful for man to know — ^I can 
only recommend them to be let blood and put on low 
diet. There must be something very wrong going on 
in the instrument of logic, if it tui'us out such conclu- 
eions from such preuiLdc^ 



ON THE EDUCATIONAL VALUE OF THE 
NATUKAL UISTOEY SCIENCES. 

TuE subject to which I liave to beg your attcntioal 
diiriDg the ensuing hour ia " The Relation of Pbysio^J 
logical Science to other bmnehoa of Knowledge." I 

Had circumstances permitted of the delivery, iitl 
their strict logical order, of that series of discourses 
of which the present lecture ia a mcmlxT, I should 
have preceded my friend and colleague Sir. Hcnfrey, 
who addressed you on Monday last ; but while, for 
the sake of that order, I must beg you to suppose that 
this discussion of the Educational bearings of Biology 
in general docs precede that of Special Zoology and J 
Botany, I am rejoiced to be able to tnke advantage of 1 
the light thus already thrown upon the tendency andj 
methods of Physiological Science. 

Eegarding Physiological Science, then, in its wides^ 
ecnse — as the equivalent of Biology — the Science of* 
Individual Life — we have to consider in succession : 

1. Its position and scope as a branch of knowledge. 

3. Its value as a means of mental discipline. 

3. Its worth as practical information. 
And lastly, 

4. -At what period it may best be made a branch of | 
Education. 
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Our conclusions on tbe first of these heads must 
depend, of course, upon the nature of the suhject- 
matter of Biology; and I think a few prehminary 
consiJerations will place before you in a clear light 
the vast difference which exists between the living 
bodies with which Physiological science ia concerned, and 
the remainder of the universe ; — between the phEenomena 
of Number and Space, of Physical and of Chemical forc^ 
on the one hand, and those of Life on the other. 

The mathematician, the physicist, and the chemist 
contemplate things in a condition of rest; they look 
upon a state of equilibrium as that to which ail bodies 
uurmully tend. 

The mathematician docs not suppose that a quantity 
will alter, or that a given point in space will change 
its direction with regard to another point, sponta- 
neously. And it is the same with the physicist. AVhen 
Newton saw the apple fall, he concluded at once that 
the act of f;dling was not the result of any power 
inherent in the apple, but that it was the result of the 
action of something else on the apple. In a similar 
manner, all physical force is regarded as the disturbance 
of an equihbrium to which things tended before its 
exertion, — to which they will teud again after its 
cessation. 

The chemist equally regards chemical change in a 
body, aa the effect of the action of something external 
to the body changed. A chemical compound once formed 
would jKM'sist for ever, if no alteration took place in 
surrounding conditions. 

But to the student of Life the aspect of Nature is* 

reversed. Here, incees;int, and, so far as we know, 

spontaneous change is the rule, rest the exception — ■ 

the anomaly to be accounted for. Living tilings hava 

I inertia, and tend to no cqudibiiuuL 
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PtTinit mo, however, to give more force and ck'.arnc3a.| 
to these somewhat abstract considerations, by an illustra-;' 
tion or two. 

Imagine a vessel full of water, at the ordinary tem-. 
pei-aturo, in an atmosphere saturated with vapour. The 
quantity and the Ji'j>.ir& of that water will not change, 
BO far as we know, for ever. 

Suppose a lump of gold be thrown into the vessel- 
motion and disturbance of figure exactly proportional 
to the momentum of the gold will take place, iiut after 
a time the eB'ccts of this disturbance will subside — . 
('(piilibrium will be restored, aud the water will retura. 
to its passive state, 

EspoBG the water to cold — it wiU solidify — and in so 
doing ita particles will arrjinge themselves in definite 
iM-ystalline shapes. But once formed, these crystals 
(•hange no further. 

Agaiu, substitute for the lump of gold some substance 
capable of entering into chemical relations with the 
water: — say, a mass of that substance which ia called 
" protein " — ihe substance of llesh : — a very considerable 
tlisturbanee of equilibrium will take place — all Bort3 of 
('iK.-mical compositions aud decompositions wUl occur; 
but in the end, as before, the result will Ive the resumj 
tion 01 a condition of rest. 

Instead of such a mass of dead protein, however, 
tnke a particla of living protein- — one of those minute 
microscopic li^g things which throng our pools, and 
iLi'e known as lufusoria— such a creature, for instance, as 
an Euglena, and place it in our vessel of water. It is a 
round mass provided with a long filament^ and except 
in thia peculiarity of shape, presents no appreciable 
physical or chemical difference whereby it might be 
distinguished from the particle of dead protein. 

Bat the difference in the phtenomcna to which it 
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will give rise is immense : in the first placo it ■will 
develop a vast quantity of physical force — cleaving 
tie water in all dircetioiis with consiilcrablo rapidity 
by means of tiic vibrationa of the long filament or 
cilium. 

Nor is the amount of chemical energy which the little 
ci-eatnre possesses less striking. It is a perfect laboratoiy 
in itself, and it will act and react upon the water and 
the matters contained therein ; converting them into new, 
compounds resemiiling its own substance, and at the 
same time giving up portions of its own sulsUmee which 
have become efiete. 

Furthermore, the Euglena will increase in size ; but 
this increase is by no meaus unlimited, as the increnee 
of a ciystal might be. Aftisr it has grown to a certain 
extent it divides, and each portion assumes the form of 
the original, and proceeds to repeat the process of growth 
and division. 

Kor is this all. For after a scries of such divisions 
and subdivisions, these minute points assume a totally 
new form, lose their ]on,q tails — round themselves, and 
secrete a sort of envelope or box, in which they remain 
shut up for a time, eventually to resume, directly or 
indirectly, their primitive mode of existence. 

Now, so far as we know, there is no natural limit to 
the cxiotcncc of the Euglena., or of any other living germ, 
A living species once humulicd into existence tends to 
live for ever. 

Consider how widely difiercnt this living particle is 
from the dead atoms with which the physicist and 
chemist have to do! 

The particle of gold falls to the bottom and rests — 
the particle of dead prottiin decomposes and disappears — 
it also rests : but the livuvj protein mass neither tends 
to exhaustion of its forces nor to any permanency of 
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not more than two or three steps in the Euglena, ia I 
as cloiirly manifested in the multitudinous stages through j 
which the germ of au oak or of a man passes. What- | 
ever forms the Living Being may take on, whether \ 
simple or complex, production, growth, reproduotion, J 
are the phaanomena which distinguish it from that I 
which does not live. I 

If this be true, it is clear that the student, in passing ] 
from the physico-chemical to the physiological sciences, I 
enters upon a totally new order of facta ; and it will | 
next be for us to consider how far these new facts 
involve new methods, or requne a modification of thoao 
with which be is already acquainted. Now a great 
deal is said about the peculiarity of the scientific method ] 
in general, and of the difibi'ent methods which are 
pursued in the different sciences. The Mathematics | 
are said to have one special method ; Physics another, 
Uiology a third, and so forth, l^or my own part, I 
must confess that I do not understand tins phraseology. 

So far as I can arrive at any clear comprehension j 
of the matter. Science is not, as many would seem to 
suppose, a modification of the black art, suited to the 
tastes of the nineteenth century, and flourishiug mainly 
in consequence of the decay of the Inquisition. 

Science is, I believe, nothing but trained and orga- < 
nized comvwn sense, differing from the latter only as 
a veteran may differ from a raw recruit : and its methods 
differ from those of common sense only so far as the 
guardsman's cut and thrust differ fi-om the manner 
in which a savage wields bis club. The primary power 
ia the 8a.mo in each case, and perhaps the untutored 
eavage has the more brawny arm of the two. The 
real advautiigo lies in the point and polish of the 
Bwordsmati's weapon ; in the trained eye quick to spy 
out the wcaloicss of the advcrsaiy ; in the ready baud 
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prompt to follow it on the iostant. But, after all, 
Rword exercise is only the hewing and poking of 

> , clabraan developed and perfected. 

^ So, the vast reaults obtained by Science are wi ^ 
by no mystical faculties, by no mental processes, other 
than those ■which are practised by every one of us, 
in the humblest and meanest affairs of life. A detective 
policeman discovers a burglar from the marks made 
by his shoe, by a mental process identical irith that 
by which Cuvier restored the extinct animals of Mont- 
niartre from fragments of their bones. Nor does that 
process of induction and deduction by which a lady, 
finding a stain of a peculiar kind upon her dress, con- 
cludes that somebody has upset the inkstand thereon, 
differ in any way, in kind, from that by which Adai 
and Levcrrier discovered a new planet 

The man of science, in fact, simply uses with scru- 
pulous exactness, the methods which we all, habitually 
and at every moment, use carelessly ; and the man 
of business must as much avail himself of the scientific 
method — must be as ti-n]y a man of science — as the 
veriest bookworm of us all ; though I have no doubt 
that the man of business will find himself out to be a 
philosopher with as *much surprise as 11. Jourdaln 
exhibited, when he discovered that he had been all 
his life talking prose. If, however, there be no real 
difference between the methods of science and those 
of common life, it would seem, on the face of the 
matter, highly improbable that there should be any 
difference between the methods of the different sciences ; 
nevertheless, it is constantly taken for granted, that 
there ia a very wide difference between the Physiological 
and other sciences in point of method. 

In the first place it is said — and I take this point 
first, because the imputatiuu is too frequently admitted 
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^^BPhysiologiatg themselves — that Biology differa from 
ine Physico-cliemieal and Mathcmaticjil sciencea in 
being *' inexact." 

Now, this phrase "inexact" must refer either to the 
methods or to the results of Pliysiological science. 

It cannot be correct to apply it to the methods ; for, 
OS I hope to show you by and by, these arc iden- 
tical in all sciences, and whatever is tnae of Physiological 
method is true of Physical and Mathematical method. 

la it then the results of Biological science which are 
"inexact"? I tliiak not. If I say that respiration ia 
performed by the lungs ; that digestion is efi'ected in tlio 
Rtomach ; that the eye is the organ of sight ; that the 
jaws of a Tertebrated animal never open sideways, but 
always up and down ; while those of an annulose animal 
always open sideways, and never up and down — I am 
enumerating propositions which are as exact as anything 
in Euclid. How then has this notion of the inexactness 
of Biological science come about ? I believe from two 
causes : first, because, in consequence of the great com- 
plexity of tlie science and the multitude of interfering 
conditions, we arc very often only enabled to pi-odict 
approximately what will occur under given circum- 
stances ; and secondly, because, on account of the com- 
parative youth of the Physiological s'^iences, a gi'eat 
many of their laws are still imperfectly worked out. 
But, in an educational point of view, it is most important 
to distinguish between the essence of a science and 
the accidents which suiTouud it ; and essentially, the 
methods and results of Pbysiulogy arc as exact as those 
of Physics or Mathematics. 

It is said that the Phy.=5iolngieal method is especially 
comparative^; and this dictum also finds favour in the 
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eyes of many. I should be sorry to suggest that llio 
speculators on scieutific classification have been misleJ 
by the accident of the name of one leading branch of 
Biology — Comparative Anatomy ; but I would ask 
whether comp<i7-ison, and that classification which is thu 
result of comparison, are not the essence of every science 
whatsoever ? How ia it possible to discover a relation of 
cause and efi'cct of any kind without comparing a series 
of cases together in which the supposed cause and effect 
occur singly, or combined ? So far from comparison 
l)cing in any way peculiar to Biological aeienee, it ia " 
1 tliink, the essence of every science. ■ 

A speculative philosopher again tells us that thg 
Biological sciences arc distinguished by being sciene* 
of observation and not of esperiment 1 ^ 

Of all the strange assertions into which speculatioi 
without practical acquaintance with a subject may lead 
even an able man, I think this ia the very strangest 
Physiology not an experimental science I Why, there 






olhers, that stuity mnst be advanced. In Asf ronomy, this method la i 
Eiirily iniipplicable ; and it is not till we arrive at Uliemistrf that this 
means of investigittiun can be used, und then only in subotdination to the 
two othera. It is in the Gtadj, both statical nnd dynamical, of living bodies 
Ihftt it first acquires ila full developmeut ; and its use elsewhere con be only 
through its application here." — Comte'b FotUvae Thilosn^kj/, translated by 
MifiB Martineau. Vol, i. p. S7% 

Bj whnt method does KL Comte suppose that the equality or inequality of 
forces and quantities and the dissimilurity or similarity of forma — poiuta of 
iii'iDe slight importance not only in Astronomy and Physics, but even in 
Kluthematics — are ascertained, if not by Comparison ? 

" Froceedinjr to the second chiss of means,— Eaperiment saniLot but be 
Ic^s und less decisive, in proportion to the complexity of the phicnomena to bs 
('xplored ; and tliurcfore we saw Ihia resource to be less etTectuul in chemistry 
thun in physics : and tve now find that it is eminently usefal in chomistiy in 
compariaon with physiology. In fad, Oie nature of the phanomma. aeena to 
ii^er aljnost inswiaovntable mpedimenls to anycxtmsite and prolific apphoe- 
tton ofeuefiapTvceilweiTi tiiology." — Comtb, vol. i. p, 367. 

M. Comte, as his mnnner is, coutradicta himself two pages further on, hnl 
.1.-1 _:n i.._..iy (ciieyg iijjjj j^j^ y,g respoasibility of sudi a paragniph m 
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is not a function of a single organ in the body which has ] 
not been determined wholly and solely by experiment. 
How did Harvey determine the nature of the circiJation, 
except by experiment 1 How did Sir Charles Bell de- 
termine the functions of the roots of the spinal nerves, 
save by experiment % How do we know the use of a 
nerve at all, except by experiment ? Nay, how do you 
know even that your eye ia your seeing apparatus, unless 
you make the experiment of shutting it ; or that your 
cor is your bearing apparatus, unless you close it up and 
thereby discover that you become deaf? 

It would really be much more true to say that Phy- 
Biology is the experimental science par excellence of all 
BcicnccB ; that in which there is least to be Icamt by 
mere observation, and that which aifords the greatest 
field for the exercise of those faculties which characteiise 
the experimental philosopher, I confess, if any one 
were to ask me for a model application of the logic of 
experiment, I should know no better work to put into 
Lis bands than Bernard's late Itesearchea on the Func- 
tions of the Liver.^ 

Not to give this lecture a too controversial tone, how- 
ever, I must only advert to one more doctrine, held by a 
thinker of our own age and country, whose opinions are 
worthy of all respect. It is, that the Biological sciences I 
differ ft-om all others, inasmuch as in them classification 
takes place by type and not by definition.^ 

* "Nouvello Fonction du Foie considiSr^ conrnio orgnne prodoclent do 
lOfttUre 8ucrie cliez rHomme e^ lea Animaux," pat M. Clauile Bernutd, 

* " Natural Grouvt giten by Typt, not by DejiniHon The class h 

Rteadily fixed, though not precisely limited ; it is given, tliough not circnni- 
■dibed J it is determined, not by a boundary-line without, but by a cenlrjl 
point within; not by whut it strictly escludes, but what it Eminently inelnd en ; 
by an example, not hj a, precept ; in short, instead of Defia-'ion we have a 
Type for our director. A type is an exarnple of any ckss, for iiwtance, a 

Secies of a geuus, wliich is considered as eminently possessinij the chnraclera 
tlie cliiss. All the species which have a grcitcr nfiinity wilh this type- 
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It is said, in short, that a naturnl-history class is not 
capable of being defined — that the class Eosacece, for 
instance, or the class of Fishes, is not accurately and 
absolutely definable, inasmuch as its members will pre- 
sent exceptions to every possible definition ; and that 
the members of the class are united together only by 
the circumstance that they are all more like some 
imaginary average rose or average fish, than they 
I'csemble anything else. 

But here, as before, I think the distinction has arisen 
entirely from confusing a transitory imperfection with 
an essential character. So long as our information con- 
cerning them is imperfect, we class all objects together 
according to resemblances which we feel, but cannot 
drjine ; we group them round types, in short. Thus, 
if you ask an ordinary person what kinds of animals 
there are, he will probably say, beasts, birds, reptiles, 
fishes, insects, &c. Ask him to define a beast from a 
reptile, and he cannot do it ; but he says, things like 
a cow or a horse are beasts, and tliiugs like a frog or a 
lizard are reptiles. You see he does class by type, and 
not by definition. But how does this classification difler 
from that of the scientific Zoologist? How does the 
meaning of the scientific class-name of "MammaHa" 
_jliffer from the unscientific of "Beasts"? 

Why, exactly because the former depends on a defl- 
ation, the latter on a type. The class Mammalia is 
sientifically defined as "all animals whicli have a vor- 
tcbrated skeleton and suckle their young." Here is no 
reference to type, but a definition rigorous enough for a 
geometrician. And such is the character which every 
: naturalist recognises as that to which his chiases 



1 tban with any others, fonti the genua, nnd are mnged nbont it, 
Jilting froln it in.THtiouB directionB and different defies." — Wheweli, 
iJ'lutoK^ky 0/ the Indjictive Seicnca, vol. i. pp. 47(i, 477. 
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iBt aspire — bnowinrf, as he does, that classification by] 
! is simply an acknowledgment of ignorance and 
_ [nporary device. 
► :So much in the way of negative argument as againsi 
iiie reputed differences between Biological and other' 
methods. No such differences, I believe, really exiat. 
The subject-matter of Biological science is different 
from that of other sciences, but the methoda of all are 
identical ; and these methods are — 

1. Observation of facts— including under this head 
that artificial observation which is called experiment. 

2. That process of tying up similar facts into bundles, 
ticketed and ready for use, which is called Comparison 
and Classijication, — the results of the process, the 
ticketed bundles, being named General propositions. 

3. Deduction, which takes us from the general pro- 
position to faitts again — teaches us, if I may so say, to 
anticipate from the ticket what is inside the bundle.. 
And finally — 

4. Verijicc^ion, which is the process of ascertaining, 
whether, in point of fact, our anticipation is a correct 
one. 

Such are the methods of all science whatsoever; but 
perhaps you wUl permit me to give you an illustration 
of their employment in- the science of Life ; and I will 
take as a special case, the establishment of the doctrine 
of the Circulation of the Blood. 

In this case, simjile obsercation yields us a knowledge 
of the esistenco of the blood from some accidental 
hfemorrhage, we will say ; we may even grant that it 
mfomis ua of the localization of this blood in particular 
vessels, the heart. Sec, from some accidental cut or the 
like. It teaches also the existence of a pulso in various 
parts of the body, and acq^uauits us with the strueturc of 
TJie heart and vessels. 
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Here, however, simple observation stops, and we 
must have recourse to experiment. 

You tie a vein, ami you find that the blood aceuma- 
lates on the side of the ligature opposite the heart. You 
tie an artery, and you find that the ])lood accumulates 
on the side near the heart. Open the chest, and you 
see the heart contracting with great force. Make open- 
ings into its principal cavities, and you will find that 
all the blood flows out, and no more pressure is exerted 
on either side of the arterial or venous ligature. 

Now all these facta, taken together, constitute the 
evidence that the blood is propelled by the heart through 
the arteriea, and returns by the veins — that, in short, the 
blood circulates. _ 

Suppose our experiments and observations have beeaJ 
made on horses, then we group and ticket them into a. 
general proposition, thus : — all horses have a circulation 
of their blood. , 

Henceforward a horse is a sort of indication or labe^l 
telling us where we shall find a peculiar series of phe- 
nomena called the circulation of the blood. 

Here is onr general proposition, then. 

How, and when, are we justified in mating our next] 
stop — a deduction fi-om it 1 . | 

Suppose our physiologist, whose experience is limited 
to horaea, meets with a zebra for the first time, — will he 
suppose that this generalization holds good for zebras 
also? 

L^'hat depends very much on hi,^ turn of mind. But 
I will suppose him to be a bold man. He will say, 
Sie zebra is certainly not a horse, but it is very hke 
^ — so lite, that it must be the ' ticket ' or mark of a J 

id-cireulation also; jmd I conclude that the zebralj 

'ft circulation." 

Ia£ ia a deduction, a very fair deduction, but by i 
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mcana to be considered scientiilcally secure. This last 
quality ia fact can only be given by verification — that 
is, by mailing a zebra the subject of all the experiments 
performed on the horse. Of course, in the present case, 
the deduction would bo conjirmed by this process of 
verification, and the result would be, not merely a 
positive widening of knowledge, but a fair increase 
confidence in the truth of one's generalizations in othi 
cases. 

Thus, having settled the point in the zebra and ho 
our philosopher would liave great confidence in the 
istence of a circulation in the ass. Nay, I fancy most 
persona would excuse him, if in this case he did not 
take the trouble to go through the process of verifieation' 
at all ; and it would not be without a parallel in the 
history of the human mind, if our imaginary physiologist 
DOW maintained that he was acc[(iainted with asinine 
circulation H priori. 

However, if I might impress any caution upon your 
minds, it is, the uttei'ly conditional nanire of all our 
knowledge, — the danger of neglecting the process of 
verification under any circumstances ; and the film upon 
which we rest, the moment our deductions carry ua 
beyond the reach of this great process of verification. 
There is no better instance of this than is aflbrded by 
the history of our knowledge of the circulation of the 
blood in the animal kingdom until the year 1S24. In 
every animal possessing a cu^culation at all, which had 
been observed up to that time, the current of the blood 
was known to take one definite and invariable direction. 
Now, there is a class of animals called Ascidians, which 
possess a heart and a circulation, arid up to the period of 
ivhich I speak, no one would have dreamt of questioning 

J propriety of the deduction, that these creatures have 

irculation in one direction ; nor would any one have 
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thougltt it worth while to verify the point But, in that 
year, M. von Hasselt, happening to examine a transparent 
auimal of this class, found, to hia infinite surprise, that 
after tlie heart had beat a certain number of times, it 
stopped, and then began beating the opposite way- 
as to reverse the rourae of the current, which returoi 
by and by to its original direction. 

I have myself timed, the heart of these little animals. 
T found it aa regular as possible in its periods of reversal : 
and I know no spectacle in the animal kingdom more 
wonderful than that which it presents — all the more 
wonderful that to this day it remains an unique fact, 
peculiar to this class among the whole animated world. 
At the same time I know of no more striking case oj 
the necessity of the verification of even those dedm 
tions which seem founded on the widest aud safeal 
inductions. 

Such are the methods of Biology — methods which 
obviously identical with those of all other sciences, an< 
therefore wholly incompetent to form the ground of an; 
distinction between it and them.^ 

But I shall be asked at once. Do you mean to 
that there is no difference between the habit of mind 
uf a mathematician and tli;it of a naturalist % Do you 
imagine that Laplace might have been put into the 
Jardin des Plaiites, and Cuvier into the Observatory, 
with equal advantage to the progress of the sciences 
they professed? 

To which I would reply, that notliing could be further 
from my thoughts. But different habits and various 
special tendencies of two sciences do not imply different 
methods. The mountaineer and the man of the plains 
have very different habits of progression, and each 

Sage for the pleasiire of (Joins so, I need hnrdly point out my olilig.itiiiTm 
"f- J. S. Mili'8 "Kjhtem of Logic," in this view of Bcieutiiic nreiliod. 
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would be at a loss in the other's place ; but the metliotl "j 
of progression, by putting one le^ before the other, is ' 
the same in each case. Every step of each is a combi- 
nation of a lift and a push ; but the mountaineer lifts 
more and the lowlauder pushes more. And I think the , 
case of two sciences resembles this. 

I do not question for a moment, that while the Jfathe- 
matician is busied with deductions from, general pro- 
positions, the Biologist is more especially occupied with 
observation, comparison, and those processes which lead 
to general propositions. All 1 wish to insist upon is, 
that this difl'crence depends njt on any fundamental 
distinction in the sciences the"Dsclves, but ou the ac- 
cidents of their subject-matter, of their relative com- 
plexity, and consequent relative perfection. 

The Mathematician deals with two properties of I 
objects only, number and extension, and all the in- 
ductions he wants have .been formed and finished ages 
ago. He is occupied now with nothing but deduction J 
and verification. 

The Biologist deals with a vast number of properticaj 
of objects, and bis inductions will not be completed. If 
fear, for ages to come ; but when they are, his science \ 
will be as deductive and as exact as the Mathematics ' 
themselves. 

Such is tlie relation of Biology to those sciences which 
deal with objects having fewer properties than itself. 
But as the student, in reaching Biology, looks back upon 
sciences of a less complex and therefore more peifcct 
nature ; so, on the other hand, does he look forward to 
other more contplcx and lcs3 perfect branches of know- 
ledge. Biology deals only with Hving beings as isolated 
thhigs — treats only of the life of the individual : but 
^re is a higher division of science stdl, which considers 
jeings as aggtejratcs — which deals with the 
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Hon of living beings one to another — the science wliicli 
obse)'ves men — -whose experiments are made by nations 
one upon anotlier, in battle-fields — whose general propo- 
sitions are embodied in history, morality, and religion — 
whose deductions lead to our hiippiness or our misciy, 
— and whose verifications so often come too late, and 
HL'rve only 

"To point a moral or adom a tale" — 

I mean the science of Society or Sociology. 

I think it is one of the grandest features of Biology, 
that it occupies this central position in human know- 
ledge. There is no side of the human mind which 
physiological study leaves uncultivated. Connected by 
innumerable tics with abstract science, Physiology is yet 
in the most intimate relation with humanity; and by 
teaching us that law and order, and a definite scheme 
of development, regulate even the strangest and wildest 
manifestations of individual life, she prepares the student 
to look for a goal even amidst the erratic wanderings of 
maidiind, and to believe that history offers something 
more than an entertaining chaos — ^a jom-nal of a toilsome, 
tragi-eomic march nowhither. 

The preceding considerations have, I hope, served to 
indicate the replies which befit the two first of the 
questions which I set before you at starting, viz. what is 
the range and position of Physiological Science as a 
ich of knowledge, and what is its value as a means 
Dacntal discipline. 

zt^iatter is a large moiety of the universe^ 

position is midway between the physico-chemical and 
the social sciences. Its value as a branch of discipline 
.13 partly that which it has in common with all sciences — 

i training and strengthening of common sense ; partly 

"t which is more peculiar to itself — the great exerciso 
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^^^^luch it affords to the faculties of observation and con^ 
[ parison ; and I may add, the exactness of knowledge 
which it requires on the part of tliose among its votaries 
who desire to extend its boundaries. 

If what has been Gaid as to the position and scope 
I of Biology be correct, our third question — What is the 

g p ractical value of physiological instruction 1 — mighty one 
^■^vpuld think, be left to answer itselfl 
^^^BOn other grounds even, were mankind deserving of 
^^^Poe title "rational," which they arrogate to themselves, 
I there can be no question that they would consider, as the 
most necessary of all branches of instruction for them- 
eclves and for their children, that which professes to 
acquaint them with the conditions of the existence they 
prize so highly — which teaches them how to avoid 
disease and to cherish health, in themselves and those 
who are dear to them. 

I am addressing, I imagine, an audience of educated 
persons ; and yet I dare venture to assert that, \vith the 
exception of those of my hearers who may chance to 
have received a medical education, there is not one who 
could tell me what is the meaning and use of an act 
which he performs a score of times every minute, and 
whose suspension would involve his immediate death ; — 
I mean the act of breathing — or who could state in 
precise terms why it ia that a confined {itmosphci-e i^i 
injniioua to health. i 

The practical value of Physiological knowledge 1 
Why is it that educated men ciin be fouud to miiintain 
that a slaughter-house in the midst of a great city is 
rather a good thing than otherwise 1 — that mothei-s 
persist in exposing the largest possible amount of surface 
of their children to the cold, by the absurd stjde of dress 
thfsy adopt, and then marvel at the peculiar tlispensation 
of Providence, which removes their infanta by bmnchitia 
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ami gastric fever? "Why is it that quackery ritlea r: 
pant over t!io land ; and tliat not long ago, one of 
largest public rooms in thia great city could be filled 
an audience gravely listening to the reverend exposil 
of the docti'iuc — that the simple physiological phsenomena 
known as spirit-rapping, table-turning, pLireno-magnetisni, 
and by I know not what other absurd and inappropriate 
names, arc due to the direct and personal agency of Satan ? 

Why is all this, except from the utter ignorance as to. 
the simplest 'awa of their own animal life, which prevail 
among even the most highly educated persons in 
countiy ? 

But there are other branches of Biological Seiencei 
benidca Physiology proper, whose practical influence, 
though less obvious, is not, as I believe, less certain. I 
have heard educated men speak with an Ul-disguised 
contempt of the studies of the naturalist, and ask, not 
without a shrug, " "What ia the use of knowing all about 
these miserable animals — what bearing has it on human 
life?" 

I will endeavour to answer that question. I take ifc 
that all will admit there is definite Government of this 
universe — that its pleasures and pains are not scattered 
at random, but are distributed in aecordancc with orderly 
and fixed laws, and that it is only in accordance with 
all we know of the rest of the world, that there Bhould_ 
be an agreement between one portion of the sensiti' 
creation and another in these matters. 

Surely then it interests us to know the lot of other' 
animal creatures — however far below us, they are still 
the sole created things which share with us the capability 
of pleasure and the susceptibility to pain. 

I cannot but think that he who finds a certain pro- 
portion of pain and evil inseparably woven up in the life 
very worms, will bear lus owu share with mors 
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coura.ge and submission ; and wUl, at any rate, view ■witli ' 
suspicion those weakly amiable theories of the Divine 
government, which would have us believe pain to be an 
oversight and a mistake,^to be corrected by and by. 
On the other hand, the preclominauce of happiness 
among living things — their lavish beauty — the secret and 
wonderful harmony which pervades them all, from the 
Iiighest to the lowest, are equally striking refutations of 
tbat modern Manichcan doctrine, which exhibits the 
world as a slave-mill, worked with many tears, for mere 
utilitarian ends. 

There is yet another way in which natural histoiy 
may, I am convinced, take a profound hold upon practical 
life, — and that is, by its influence over our finer feelings, 
as the greatest of all sources of that pleasure which is 
derivable from beauty. I do not pretend that natural- 
history knowledge, as such, can increase our sense of the 
bcaut^ul in natuiul objects. I do not suppose that the I 
dead soul of Peter Bell, of whom the great poet of nature J 
Bays,— I 

A primrose by the river's brim, ■ 

A yellow pritiiri>se Wiis to him, — V 

And it was nothing moie, — ' 

would have been a whit roused from its apathy, by the. 
information tliat the primrose is a Dicotyledonous 
Exogeu, with a monopctalous corolla and central placen- 
tation. But I advocate natural-history knowledge from 
this point of view, because it would lead us to seek the 
beauties of natural objects, instead of trusting to chance 
to force them on our attention. To a person uninstrueted 
in natural history, bis country or sea-side stroll is a walk 
through a galleiy filled with wonderful works of art, 
nine-tenths of which have their faces turned to the wall. 
Teach him something of natural history, and you place 
in Iiis hands a catalogue of those which are worth 
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worthy of the name. Leave out the Physiological 
sciences from your curriculum, and you launch the 
student into the world, undisciplined in that science 
whose subject-matter would best develop his powers of 
observation ; ignorant of facts of the deepest importance 
for his own and others' welfare; blind to the richest 
sources of beauty in God's creation ; and unprovided 
with that belief in a living law, and an order manifesting 
itself in and through endless change and variety, which 
might serve to check and moderate that phase of despair 
through which, if lie take an earnest interest in social 
problems, he will assuredly sooner or later pass. 

Finally, one word for myself. I have not hesitated to 
speak strongly where I have felt strongly ; and I am but 
too conscious that the indicative and imperative moods 
have too often taken the place of the more becoming 
subjunctive and conditional I feel, therefore, how 
necessary it is to beg you to forget the personality of 
him who has thus ventured to address you, and to con- 
eider only the truth or error in what has been said« 
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Natdral History is tbc name familiarly appIieJ to tba I 
study of the properties of such natural bodies as mine- 
rals, plants, and animals ; the sciences which embody 
the knowledge man has acquired upon these subjects 
are commonly termed Natui-al Sciences, in contradistinc- 
tion to other so-called "physical" ecicnces; and those 
who devote themselves especially to the pursuit of 
such sciences have been and are commonly termed 
" Naturalists." 

Linna;u3 was a naturalist in this wide sense, and liis 
" Systema Natural " was a work upon natural history, in 
tlie broadest acceptation of the terra ; in it, that great 
methodizing spirit embodied all that was known in his 
time of the distinctive characters of minerals, animals, 
and plants. But the enormous stimulus which Liunajus 
^ave to the investigiiLioa of nature soon rendered it 
possible that any one man should write another 
atema Naturie," and extremely difficult for any one 
^ comfi a natumlist such as Liouasus was. 
^eat as have been the advances made by all the three 
mg^^^.'^^ °^ science, of old included imdcr the title of 
'-^~^, history, there can be no doubt that zoology and . 
'''^^ have grown in an enormously greater ratio than. J 
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mictTiilogy ; and hence, sa I suppose, the nfime of 
"natural history" has gradunlly become more and more 
defiuitt'ly attached to these prominent divisions of the 
subject, and by "naturalist" people have meant more 
and more distinctly to imply a student of the structure 
and functions of living beings. 

However this may be, it is certain that the advance of 
knowledge has gradually widened the distance between 
mineralogy and its old associates, while it has drawn 
zoology and botany closer together ; so that of lato years 
it has been found convenient (and indeed necessary) to 
associate the sciences which deal with vitality and all its 
phenomena under the common head of "biology;" and 
the biologists have come to repudiate any blood-relation- 
sbip with their foster-brothers, the mineralogista. 

Certain broad laws have a general application through- ■ 
out both the animal and the vegetable worlds, but the 
ground common to these kingdoms of nature is not of 
very wide extent, and the multiplicity of details is so 
great, that the student of living bikings finds himself 
obliged to devote his attention exclusively either to the 
one or the other. If he elects to study plants, under 
any aspect, wo know at once what to call him. He is a 
botanist, and his science is botany. But if the investi- 
gation of animal life be bis choice, the name generally 
applied to him will vary according to the kind of 
animals he studies, or the particular phenomena of 
animal life to which he coniinea his attention. If the 
study of man is his object, he is called an anatomist, or" 
tt physiologist, or an etlmologist ; but if he dissects 
animals, or examines into the mode in which their func- 
tions are perfoi-med, he is a comparative Anatomist or 
comparative physiologist. If he turns his -attention to 
foesil animals, he is a palieontologist. If his mind ia 
particularly directed t^ the dcacription specific. 
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iliscnmiuation, classification, and distribution of a 
he 13 termed a zoologist. 

For the purposes of the present discourse, however, I 

shall recognise none of these titles save the last, whieh I 
shall employ as the equivalent of botanist, and I shall 
use the term zoology as denoting the whole doctrine 
of animal life, in contradistinction to botany, which 
signifies the n'hole doctrine of vegetable life. 

Employed in this sense, zoology, like botany, is t 
I'isible into three great but subordinate scieaces, moc4 
phology, physiology, and distribution, each of which 
may, to a very gi'cat extent, be studied independentlj^ 
of the other. 

Zoological morphology ia the doctrine of animal form ' 
or structure. Anatomy is one of its branches ; develop- 
ment is another ; while classification is the expression 
of the relations whieh different animals bear to one | 
another, in respect of their anatomy and their developr 
ment. 

Zoological distribution is the study of animala , 
rclution to the terrestrial conditions which obtain noWjl 
or have obtained at any previous epoch of the earth'aj 
history. 

Zoological physiology, lastly, is the doctrine of 1 
functions or actions of animals. It regards animal bodiea^ 
as machines impelled by certain forces, and performing 
an amount of work which can be expressed in terms of 
the ordinary forces of nature. The final object of phy- 
siology' is to deduce the facts of morphology, on the one 
hand, and those of distribution on the other, from the! 
laws of the molecular forces of matter. ■ 

Such is the scope of zoology. But if I were to content 
myself with the enunciation of these dry definitions, I 
should ill exemplify that method of teaching this branch 
of physical science, which it is my chief business- ti»- 
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night to recommend. Let U3 tura away tLoa fromfl 
absti-act definitions. Let na take some coiiereta living ' 
tiling, some animal, the commoner the better, and let ua 
see how the application of common sense and common 
logic to the obvious £icts it presents, inevitably leads us 
into all tliese branches of zoological science. l 

I have before me a lobster. When I examine it, what I 
fippears to be the most striking character it pi-esenta? ' 
Why, I observe that this part which we call the toil of 
the loljster, is made up of sLs distinct hard rings and a 
seventh terminal piece. If I separate one of the middle 
rings, say the third, I find it carries upon its under sur- 
face a jxiir of limbs or appendages, each of which con- 
sists of a stalk and two terminal pieces. So that I can 1 
represent a transverse section of the ring and its appeu- I 
dages upon the diagram board in this way. 

If I now take the fourth ring I find it has the same I 
structure, and so have the fifth and the second ; so that, j 
in each of these divisions of the tail, I find parts which \ 
correspond with one another, a ring and two appendages ; 
and in each appendage a stalk and two eud pieces.. 
These corresponding parts arc called, in the technical I 
language of anatomy, "homologous parts." The i' 
of the third division is the " homologuc " of the ring 
of the fifth, the appendage, of the former is the homo- 
logue of tlie appendage of the latter. And, as each 
division exhibits corresponding parts in corresponding I 
places, we say that all the divisions are consUnicted upon I 
the same plan. But now let us consider the sixth di- 
vision. It is similar to, and yet difleront from, the I 
others. The ring is essentially the same as in the other [ 
divisions ; but the appendages look at first as if they [ 
wore very difi'erent; and yet when we regard them i 
clijsely, what do we find 1 A stalk and two terminal 
isions, exactly as in the others, but the st:i!k is very 
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filiort and very thick, the terminal divisioug are vem 
broad iiud flat, aud one of them is divided iuto twoj 
pieces. I 

I may say, therefore, that the sixth segment is like thai 
othei-s in plan, but that it is modified in its djtailH. i 

The first segment is like the others, so far as its ring isj 
riinccrned, and though its appendages differ from any oH 
those yet examined in the simplicity of their stnictnre,.! 
parts corresponding with the stem and one of the divi*; 
sions of the appendages of the other segments can bej 
readily discerned in them. I 

Thus it appears that the lobster's tail is composed of. 
a series of segments which are fundamentally similar, 
though each presents peeuliar modifications of the plan 
common to all. But when I turn to the fore part of the 
body I see, at first, nothing but a great shield-like shell, 
called technically the " carapace," ending in front in a 
sharp spine, on either side of which are the curious com- 
pound eyes, set upon the ends of stout moveable stalks. 
Behind these, on the under side of the body, are two, 
[lairs of long feelers, or aiitennjB, followed by six pairs of 
jaws, folded against one another over the mouth, and 
five pairs of leg^, the foremost of these beiug the great 
pinchers, or clawSj of the lobster. 

It looks, at first, a little hopeless to attempt to find in' 
this complex mass a series of rings, each with its pair of 
appendages, such as I have shown you in the abdomen, 
and yet it is not difficult to demonstrate their existence. 
Strip off the legs, and you will find that each pair is 
iittachcd to a very definite segment of the under wall 
of the body ; but tiiese segments, instead of being the 
lower parts of free rings, as in the tail, arc such parts of 
rings which are all solidly united and bound together ;. 
and the like is true of the jaws, the feelers, and the eyts- 
etalks, evfry pair of Mhich is borne upon its own special 
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segment. Tims the conclusion is gratlualjy forceil iipoa 
us, that the body of the lobster is composed of as many 
rings as there are pairs of appendages, namely, twenty 
in ail, but that the six liindmost rincrs remain free and 
moveable, -while the fourteen front rings become firmly 
soldered together, their backs forming one continuous 
shield — tbe carapace. 

Unity of plan, diversity in execution, is the lesson 
taught by the study of the rings of the body, and the 
same instniction is given still more emphatically by the 
appendages. If I examine the outermost jaw I find it 
consists of three distinct portions, an inner, a middle, 
and an outer, mounted upon a common stem ; and if I 
compare this jaw with the logs behind it, or the jaws in 
front of it, I find it quite easy to see, that, in the legs, it 
is the part of the appendage which correspends with the 
inner division, which becomes modified into what we 
know familiarly as the "leg," while the middle division 
disappears, and the outer division is hidden under the 
carapace. Nor is it more ditiicult to dLsconi that, in the 
appendages of tho tail, the middle division appears 
again and the outer vanishes ■ while, on the othur hand, 
in the foremost jaw, the so-called mandible, the inner 
division only is left ; and, in the same way, the parts of 
the feelers and of the eye-stalks can be identified with 
those of the legs and jaws. 

But whither does all this tend ? To the very remark- 
able conclusion that a unity of plan, of tho same kind as 
that discoverable in the tail or abdomen of the lobster, 
pervades the whole organization of its skeleton, so that 
I can return to the diagram representing any one of the 
rings of the tail, which I drew upon the board, and by 
adding a third division to each appendage, I can use it 
as a sent of scheme or plan of any ring of the body. I 
can give iiaracs to all the parts of t)iat figure, and then 
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if I tLikc any segment of the body of the lobatcr, I caia 
poiut out to yoa esactly, what modification the gencraU 
plan has undergone in that particular segment; what! 
[lai't has remained moveable, and what has become fixed] 
to another; what has been excessively developed andi 
nietamoi'i hosed, and what lias been suppressed. J 

But 1 imagine I bear the question, How is all this tM 
lie tested ? No doubt it ia a pretty and ingenious way'^ 
of looking at the structure of any animal, but is it any- 
thing more ? Does Nature acknowledge, in any decpetj 
way, this unity of plan we seem to trace ? ■ 

Tlie objection suggested by these questions is a verjl 
valid and important one, and morphology was in aa| 
unsound state, so long as it rested upon the mere percep- 
tion of the analogies which obtain between fully foi.'^nod 
parts. The unchecked ingenuity of speculative a::3to- 
mists proved itself fully competent to spin any number 
of contradictory hypotheses out of the same facts, and 
endless morphological dreams threatened to supplant 
scientific theory. 

Happily, however, there is a criterion of morpln 
logical truth, and a sure test of all homologies. Oi 
lobster has not always been what we see it ; it was once' 
an egg, a semifluid mass of yolli, not so big as a pin's 
head, contained in a transparent membrane, and exhi- 
biting not the least trace of any one of those organs, 
whose multiplicity and complexity, in the adult, are so 
surprising. Alter a time a delicate patch of cellular 
ubrane appeared upon one face of this yolk, and that' 
'i was the foundation of the whole creature, the clay 
I which it would be moulded. Gradually investing' 
i yolk, it became subdivided by transverse constric- 
j into segments, the forerunners of the rings of the 
Upon the ventral surface of each of the rings 
'retched out, a pair of bi:d-likc prominences 
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' appearance — t!ie fliJis^ents of the appcnJaj 
Jie ling. At first, all the fiplieiltlages were alike, I 
they grew, most of them became ..distinguished into a 
stem and two tcrmimil divisions,' torwKich, in the middle 
part, of the body, was added a third eifter division ; and 
it was only at a later period, that by the-inoclification, or 
;(.l)SDrptiou, of certain of these primitive con&HtUcuts, the 
limbs acquired their perfect form. 

Thus the study of development proves that th^' jdoc- I 
trine of unity of plan is not merely a fancy, that" it Is"^ 
not merely one way of looking at the matter, but that it 
is the expression of deep-seated natural facta. The legs 
and jaws of the lobster may not merely bo regarded as 
modifications of a common type, — in fact and in nature J 
they arc so, — the leg and the jaw of the young animal] 
being, at first, indistinguishable. 

These are wonderful truths, the more so because the 
zoologist finds them to be of universcil application. The 
investigation of a polype, of a snail, of a fi.sh, of a hoi'se, 
or of a man, would have led us, though by a less easy 
path, perhaps, to exactly the same point. Unity of plan 
everywhere lies hidden iinder the mask of diversity of 
structure — the complex is everywhere evolved out of the 
simple. Every animal has at first the form of an egg, 
and every animal and every organic part, in reaching its 
adult state, passes through conditions common to other 
animals and other adult parts; and this leads me to 
another point. I have hithei-to spoken as if the lobster j 
were alone in the world, but, as I need hardly rcmindj 
you, there are myriads of otlier animal organisms, QS[ 
these, some, such as men, horses, bii^ds, fishes, snaila 
Blugs, oysters, corals, and sponges, are not in the least] 
like the lobster. But other animals, thorg'i they mayi 
dificr a good deal from the lobster, are yet either i 
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Qsli, the i-ock lobster, and tJi&.^taVn, and the shrimp, f(» 
example, however diiTeretiJ^'ife yet ao like lobsters, that 
a eliild would group tKeio as of the lobster kiod, in con- 
tradistinction to sap,ii'a.and slugs; and these last again 
would form a-kiucl-ISy themselves, in contradistinction to 
cows, horsca;.aud sheep, the cattle kind. 

But this";5*pontancou3 grouping into " kinds" is the . 
first ^s'ay"-bf the human mind at classification, or the 
caU^ig**by- a common name of those things that are 
•a^ke,' and the arranging them in such a manner as best, 
to 'suggest the sum of their likenesses and unlikeness( 
to other things. 

Those kinds which include no other subdivisions ths 
t'le sexes, or various breeds, are called, in technical 
la'iguage, species. The English lobster is a species, 
our Cray fish is another, onr prawn is another. In other 
countries, however, there are lobsters, cray fish, and 
firawns, very like ours, and yet presenting sufficient 
differences to deserve distinction. Naturalists, therefore, 
express this resemblance and this diversity by grouping 
them as distinct species of the same " genus." But the 
lobster and the cniy-fish, though belonging to distinct 
genera, have many features in common, and hence are 
grouped together in an assemblage which is called a 
lamily. Jlore distant resemblances connect the lobster 
with the prawn and tlie crab, which are expressed b; 
putting all these into the same order. Again, mor 
remote, but still very deitinite, rescmblnaces unite th< 
lobster with the woodloiise, the king crab, tlie water- 
flea, and tlie barnacle, and separate them from all other 
animals; whence they collectively constitute the larger 
group, or class, Crustacea. But the Crustacea exhibit 
many peculiar features in common with insects, spiders, 
and centipedes, so that these are grouped into the stdl 
larger assemblage or " province " Arliculata ; and, finally, 
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the relations which these have to worms and other lower 
auimals, are expressed by combiniiig the whole vast 
aggregate into the suh-kingdom of Annulasa. 

If I had worked my way fi-om a sponge instead of a 
lobster, I should liave found it associated, by like ties, 
with a great number of other animals into tlje sub- 
kingdom Frotoxoa; if I had selected a fresh-water 
polype or a coral, the membei-s of what naturalists 
term the sub-kingdom C)xUnteixita would have grouped 
themselves around my type; had a enad been chosen, 
the inhabitants of all univalve and bivalve, land and 
water, shells, the himp shells the sq^uids, and the sea- 
mat wonid have gradually linked themselves on to it as 
membera of the same sub-kingdom of Mollusca ; and 
finally, starting from man, I should have been compelled 
to admit first, the ape, the rat, the horse, the dog, into 
tlio same class ; and then the bird, the crocodile, the 
turtle, the frog, and the fish, into the same sub-kingdom 
of Verlchrata. 

And if I had followed out all these various lines of 
classification fully, I should discover iu the end that 
there was no animal, either recent or fossil, which did 
not at ODce fall into one or other of these sub-kingdoms. 
In other words, every animal is organized upon one or 
other of the five, or more, plans, whose existence renders 
our classificatiou possible. And so definitely and pre- 
cisely marked is the structure of each animal, that, in 
the present state of our knowledge, there is not the least 
evidence to prove that a form, in the slightest degree 
transitional between any of the two gi'oups Vertehrala, ' 
Annulosa, Mollusca, aud Ccelenterata, cither exists, or 
has existed, during tLat period of the earth's history 
wliich is recorded by the geologist. Nevertheless, you 
must not for a moment suppose, because no such 
transitional fuima are kuo^'u, that the membera v( 
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the 8ub-king(]oms are disconnected from, or indepen- 
dent of, one another. On the contrary, in their earliest 
condition they arc all alike, and the primordial genna 
of a man, a dog, a bird, a fish, a beetle, a snail, and 
a polype are, iu no esseutiid structural respect^ dif^J 
tinguishable. j^ 

]n this broad sense, it may with truth be said, tbncfl 
all living animals, and all those dead creationa which 
fccologj' reveals, are bound together by an all-pervading 
unity of organization, of the same character, though not 
equal in degree, to that ■which enables us to diacern one 
and the same plan amidst the twenty dill'erent segments 
uf a lobster's body. Truly it has been said, that to a 
clear eye the smallest fact is a window thi'ough which 
tiie Infinite may be seen. 

Turning from these purely morphological considera- 
tions, let us now examine into the manner in which the 
attentive study of the lobster impels us into other lines 
of research. 

Lobsters are found in all the European seas ; but on 
the opposite shores of the Atlantic and in the seas of 
the southern hemisphere they do not exist. They are, 
however, represented in these regions by very closely 
allied, but distinct forms — the Ilomarsu, Aiaericcnus 
and the Ifomarus Capeusis: so that wc mny say that 
the European has one species of Ilomarsu; the 
American, another ; the African, another ; and thus 
the remarkable facts of geographical distribution begin 
to dawn upon us. 

Again, if we examine the contents of the earth's crust, 
we shall find in the latter of those deposits, which have 
eervcd jis the great burying grounds of past ages, num- 
berless lobster-like animals, but none so similar to our 
living lobster as to make zoologists sure that they be- 
longed even to the same genus. If we go still fiurthej 
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1 time, wo discover, in the oldest roclis of all, the 
reiuains of animals, constructed on the same general 
plan as the lobster, and belonging to the same great 
group of Crustacea ; but for the most part totally 
different from the lobster, and indeed fram any other 
living form of crustacean ; and thus we gain a notion of 
that successive change of the animal population of the 
globe, in past ages, which is the most striking fact 
revealed by geology. 

Consider, now, where our inquiries have led us. We 
studied our type morphologically, when we determined 
its anatomy and its development, and when eompariag 
it, in these respects, with other animals, we made out its 
place in a system of classification. If we were to 
examine every animal in a similar manner, we should 
establish a complete body of zoological morphology. 

Agaiu, we investigated the distribution of our type in 
space and in time, and, if the like had been done with 
every animal, the sciences of geographical and geological 
distribution would have attained their limit 

But you wiU observe one remarkable ciraumstance, 
that, up to this point, the question of the life of these 
organisms has not come under consideration. Morpho- 
logy and distribution might be studied almost as weU, if 
animals and plants were a peculiar kind of crystals, and 
possessed none of those functions which distinguish living 
beings so remarkably. But the facts of morphology and 
distribution have to be accounted for, and the science, 
whose aim it is to account for them, is Physiology. 

Let us return to our lobster once more. If we watched 
(lie creature ia its native element, we should see it climb- 
ing actively the submerged rocks, amoug which it delights 
to live, by means of its strong logs ; or swimming by 
powerful strokes of its great tail, the appendages of 
whose sixth joint arc spread out into a broad fau-lika 
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propeller : seize it, and it will sliow yon tbat its great 
claws are no mean weapons of offence; suspend a piece 
of carrion among its haunts, and it will greedily devour 
it, tearing and crushing the flesh by means of its multi- 
tudinous jaws. 

Suppose that wo had known notliing of the lobster 
but aa an inert mass, an organic crystal, if I may use the 
phrase, and that "we could suddenly see it exerting all 
these powers, what wonderful new ideas and new quea- 
tions would arise in our minds 1 The great new question 
. would be, " How does all this take place ? " the chief new 
[■idea would be, the idea of adaptation to purpose, — the 
notion, tiiat the constituents of animal bodies are not 
mere uncoimccted parts, but organs working together to 
an cjiil. Let ua consider the tiul of the lobster again 
from this point of view. Morphology has taught us 
lluit it is a scries of segments composed of homologous 
parts, which imdergo various modifications — beneath 
and tlirougli which a common plan of formation is dis- 
cernible, But if I look at the same part physiologically, 
1 see that it is a moat beautifully constructed organ of 
locomotion, by means of which the animal can swiftly 
propcd itself either backwards or forwards. 

But how is this remarkable propulsive machine made 
to perform its funetions ? If I were suddenly to kill one 
of these animals and to take out all the soft parts, I 
should find the shell to be perfectly inert, to have no 
more power of mo\-ing itself than is possessed by the 
machinery of a mill, when disconnected from its steam- 
eugims or water-wlieel. But if I were to open it. and 
tuko out the viscera only, leaving the white flesh, I 
~iould pei-ceivo that the lobster could bend and extend 
T tail u3 well as before. If I were to cut off the tail, I 
tauld coaseto find any spontaneous motion in it ; but 
' pmchiiig any portion of the tk-sh, I should observe 
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tliat it underwent a very curious change — cacli fibre be- 
coming shorter and tliieker. By this act of tontrtiction, 
as it is tciTQccI, the parts to wliieli the ends of the fibre 
axe attached aro, of coux-se, approximated ; and accord- 
ing to the relations of their points of attachment to the 
centres of motion of the different rings, the bending or 
the extension of the tail res^ilta. Close observation of 
the ucwly-opened lobster would soon show that all its 
movements are due to the same cause — the shortening 
and thickening of these fleshy fibres, which are techni- 
cally called muscles. 

Here, then, is a capital fact. The movements of the 
lobster are due to muscular contractility. But why does 
a muscle contract at one time and not at another ? Why 
does one whole group of muscles contract when the 
lobster wishes to extend liis tail, and another group 
when he desires to bend it ? "What is it originates, 
directs, and controls the motive power % 

Experiment, the great instrument for the ascertain 
mcnt of truth in physical science, answers this question 
for us. In the head of the lobster there lies a small 
mass of that peculiar tissue which is known as nervous 
substance. Cords of similar matter connect this brain 
of the lobster, directly or indirectly, with the muscles. 
Now, if these commumcating cords are cut, the brain 
remaining entire, the power of exerting what we call 
voluntary motion in the parts below the section is de- 
stroyed ; and on the other hand, if, the cords remaining 
entire, the brain mass be destroyed, the same voluntary 
mobility is equally lost. Whence the inevitable conclu- 
sion is, that the power of originating these motions resides 
in the brain, and is propagated along tlie nervous cords. 

In the higher animals the phrenomena which attend 
this tran.smiasion have been investigated, and the exer- 
tion of the peculiar energy wliich resides in the nervua 
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has l)Coii found to be accompanied by a disturbance of 
the electrical state of their molecules. 

If we could exactly estimate tlie signification of tbJs 
disturbance ; if we could obtain the value of a given 
exertion of nerve force by determining the quantity of 
electricity, or of heat, of which it is the equivalent ; if 
we could asscertain upon what arrangement, or other 
condition of the moleculea of matter, the manifestation of 
the nervous and muscular energies depends, (and doubt- 
less science will some day or other ascertain these points,) 
physiologists would have attained their ultimate goal in 
this direction ; they would have detei-mined the relfition 
of the motive force of animals to the other forms of fc-rce 
found in nature ; and if the same process had been auc- 
ceasfully performed for all the operations which are 
earned on in, and by, the animal frame, physiology 
would be perfect, and the facts of morphology and 
distribution would be dcdueible from the laws which 
physiologists had established, combined with those detei> 
mining the condition of the surrounding universe. 

There is not a fragment of the Organism of this hamblo 
animal, whose study would not lead us into regions of 
thought as large as those which I have briefly opened 
up to you ; but what I have been saying, I trust, has not 
only enabled you to form a conception of the scope and 
purport of zoology, but has given you an imperfect 
example of the manner in which, in my opinion that 
ecience, or indeed any physical science, may be" best 
taught The great matter is, to mahe teaching real and 
practical, by fixing the attention of the student on par- 
ticular facts ; but at the same time it should be rendered 
broad nod comprehensive, by constant reference to the 
generalizations of which all particular facts are Ulusti 
tions. The lobster baa served as a type of the whole 
aniDJ!'.! kingdon, and its anatomy and physiology have 
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illustrated for us some of the greatest trutlis of "biology. 
The student who has once seen for himself the facta 
which I have described, lias bad their relations ex- 

Elained to him, and has clearly comprehended them, 
as, ao far, a knowledge of zoology, which is real and 
genuine, however limited it may lie, and which is woi-th 
more than all the mere reading knowledge of the sidence 
he could ever acquire. His zoological information ia, so 
far, knowledge and not mere hearsay. 

And if it were my business to fit you for the cei-ti-. 
ficate in zoological science granted by this departmenl^. 
T should pursue a course precisely similar in principle 
to that which I have taken to-night. I should select a' 
fresh-water sponge, a fresh-water polype or a CyanCBe, 
a fresh-water mussel, a lobster, a fowl, as types of the 
five primary divisions of the animal kingdom. I should 
explain their structure very fully, and show how each 
illustrated the gi'eat principles of zoology. Havin» 
gone very cai-efnlly and fully over this ground, I should 
feel that you had a safe foundation, and I should then 
take you in the sairift way, but less minutely, over 
similarly selected illustrative types of the classes ; and 
then 1 should direct your attention to the special forms 
enumerated under the head of types, in this syllabus, 
and to the other facts there mentioned. 

That would, speaking generally, be my plan. Bi 
I have undertaken to explain to you the best mode c 
acquiring and communicating a knowledge of zoology; 
and you may therefore fairly ask me for a more de- 
tailed and precise account of the manner in which 1 
should propose to furnish you with the infonnation I 
refer to. 

My own impression is, that the best model for all 
kinds of training in physical science is that affVirded 
—' the method of teaching anatomy, in use in the 
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medical aeliools. This method consists of three e 
— lectures, demonstratious, aad examinations, 

The object of lectures is, iu the first place, to awaken 
the attention and excite the enthusiasm of the student ; 
and this, I am sure, may be efi'ected to a far greater 
extent by the oral discourse and by the personal inBuence 
of a respected teacher than in any other way. Secondly, 
lectures have the double use of guiding the student 
to the salient points of a subject, and at the same 
time forcing him to attend to the whole of it, and not 
merely to that part which takes his fancy. And lastly, 
lectures afford the student the opportunity of seeking 
explanations of those diflicultica which will, and indeed 
ought to, arise in the course of his studies. J 

But for a student to derive the utmost possible value! 
from lectures, several precautions are needful. * 

I have a strong impression that the better a discourse 
ia, as an oration, the worse it is as a lecture. The flow 
of the discourse carries you on without proper atten- 
tion to its sense ; you drop a word or a phrase, you 
lose the exact meaning for a moment, and while you 
strive to recover yourself, the speaker has passed oq 
to something else. 

The practice I have adopted of late years, in lecturing 
to students, is to condense the substance of the hour's 
discourse into a few dry propositions, which arc read 
slowly "and taken down from dictation; the reading of 
each being followed by a free commentary, expanding 
nud illustrating the proposition, explaining terms, and J 
removing any difficulties that may be attackable iafl 
that waf, by diagrams made roughly, and seen to 
grow under the lecturer's hand. In this manner you, 
at any rate, insure the co-operation of the student to 
a . certain extent. He cannot leave the lecture-room 
entirely empty if the taking of notes Ls enforced ; anelJ 
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a student must be prcternaturally dull and mechanical, 
if he can takes notes and hear them properly explained, 
and yet learn nothing. 

What hooks shall I read ? is a question constantly 
put by the student to the teacher, lly reply usually is, 
" None : write your notes out carefully and fuUy ; strive 
to understand them thoroughly ; come to me for the 
explanation of anything you cannot understand ; and 
I would rather you did not distract your mind by 
reading." A properly composed course of lectures 
ought to contain fully as much matter as a student 
can assimilate in the time occupied by its delivery ; and 
the teacher should always recollect that his business is 
to feed, and not to cram the intellect. Indeed, I believe 
that a student who gains from a course of lectures 
the simple habit of concentrating his attention upon 
a definitely limited serie;i of facts, until they arc 
thoroughly mastered, lias made a step of immeasurable 
importtmce. 

But, however good lectures may be, and howevtr 
extensive the course of rending by which they are 
followed up, they are but accessories to the gi'eat in- 
stnimcnt of scientific teaching — demonstration. If I 
insist imwcariedly, nay fanatically, iipon the impoi-tance 
of physical science as an educational agent, it is because 
the study of any branch of science, if properly conducted, 
appears to me to fill up a void left by all otlier moans 
of education. I have the greatest respect and love for 
literature; nothing would grieve rae more than to see 
literary training other than a veiy prominent branch of 
education : indeed, I wish that real literary discipline 
wore far more attended to than it is ; but I cannot 
shut my eyes to the fact, that there is a vast difference 
lietwet-n men who have had a purely literary, and those 
who have had a sound scientific, training. 
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Seeking for the cause of tliis difference, I imagine I 
can find it in the fact, that, in the world of letters, 
learning and knowledge are one, and books are the 
source of both ; whereas in science, as in life, learning 
and knowledge are distinct, and the study of things, 
and not of bool«, is the source of the latter. 

All that literature has to bestow may be obtained 
by reading and by practical exercise in writing and 
in speaking ; but 1 do not exaggerate when I say, that 
none of the best gifts of science are to be won by these 
means. On the contrary, the great benefit which a 
scientific education bestows, whether as training or as 
knowledge, is dependent upon the extent to which the 
mind of the student is brought into immediate contact 
with facts — -upon the degree to which ho learns the 
habit of appeabng directly to Nature, and of acquiring 
through hia senses concrete images of those properties 
of things, which arc, and always will be, but approxi- 
matively expressed in human language. Out way of 
looking at Nature, and of speaking about her, varies 
from year to year ; but a fact once seen, a rektion of 
cause and efiect, once demonstratively apprehended, are 
possessions which neither change nor pass away, but, 
on the contrary, fonn fixed centres, about which other 
truths aggregate by natural affinity. 

Therefore, the great business of the scientific teacher 
is, to imprint the fundamental, irrefragable facts of his 
science, not only by words upon the mind, but by 
sensible impressions upon the eye, and ear, and toueh 
of the student, in so complete a manner, that every 
term used, or law cnimciated, should afterwai'ds call 
up vivid images of the particular structural, or other, 
facts which furnished the demonstration of the law, or 
the illustration of the term. 

Now this important operation can only be achieved 
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by constant ticraonstration, Ti'liich may take place t^i 
a ccrtaia imperfect extent cluriug a lecture, but wLicii 
ought also to be carried on independently, and -whieL 
should be addressed to each individual student, the 
teacher endeavouring, not so much to show a thing to 
the learner, as to make him sec it for himself. 

I am well aware that there are great practical difficul- 
ties in the way of effectual zoological demonstrations. 
The dissection of animals is not altogether pleasant, 
and requires much time ; nor is it easy to secure an 
adequate supply of the needful specimens. The botanist 
has here a great advantage ; lus specimens are easily 
obtained, are clean and wholesome, and can be dissected 
in a private house as well as anywhere else ; and 
hence, I believe, the fact, that botany is bo much 
more readily and better taught than its sister science. 
But, be it difficult or be it easy, if zoological science 
is to be properly studied, demonstration, and, con- 
sequently, dissection, must be had. Without it, no 
man can have a really sound knowledge of animal 
organization. 

A good deal may be done, however, ^vithout actual 
dissection on the student's part, by demonstration upon 
specimens and preparations ; and in all probability it 
would not be very difficult, were the demand sufficient, 
to organize collections of such objects, sufficient for all 
the purposes of elcmentai-y teaching, at a comparatively 
cheap rate. Even without these, much might be effected, 
if tlie zoological collections, which ai'C ojicn to the 
public, were arranged according to what has licen 
termed the "typical principle ;" that is to say, if tin; 
Bpecimens exposed to public view were so selected, th;it 
the public could Icara something from them, instead 
of being, as at present^ merely confused by their mul- 
tiplicity. For example, the grand ornithological gallery 
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nt tbe British Museum contains between two and tliree.'B 
tLousiind species of birds, and sometimes five or sixj 
spceimciLs of a species. They are ver)' pretty to look J 
at, and some of the cases are, indeed, splendid j but 
I ■will undertake to say, that no m(i.n but a professed 
ornithologist lias ever gathered much information from 
tlie collection. Certainly, no one of the tens of thousands 
of the general pubUc who have wallied through that 
gallery ever knew more about the essential peculiarities 
of birds when he left the gallery, than when he entered 
it. But if, somewhere in that va.st hall, there were a 
few preparations, exemplifying the leading structural 
peculiarities and the raode of development of a commori 
fowl ; if the types of tlie genera, the leading modifi- ^ 
cations in the skeleton, in the plumage at various ages, ' 
in the mode of nidification, and the like, among birds, 
were displayed; and if the other specimens were put 
away in a place where the men of sciencej to whom 
they are alone useful, could have free access to them, 
I can conceive that this collection might become a... 
great instrument of scientific education. I 

The last implement of the teacher to which I hava 
adverted is examination^a means of education now so 
thoroughly understood that I need hardly enlarge upon 
it. I hold that both written and orid examinations 
are indispensable, and, by requiring the description 
of specimens, they may be made to supplement 
__demonstration. 

the fullest reply the time at my disposal 
I allow me to give to the question — how may a kcow- 

s of zoology be best acquired and commnnicated ? 

at there is a previous question which may bo moved, 
|d_ which, in fact, I know many are inclined to move. 
the question, why should training masters be 
'^ed to acquire a knowledge of this, or any othei . 
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branch of physical science ? AVhat is the use, it is said, 
of attempting to make physical science a branch of 
primary education ? Is it not probable that teachers, 
in pursuing such stu(3ics, will be led astray from the 
acquirement of more important but less attractive 
knowledge ? And, even if they can learn something 
of science without prejudice to their usefulness, what 
is the good of their attempting to instil that knowledge 
into boys whose real business is the acq^uisition of 
reading, writing, and arithmetic ? 

These questions are, and will be, very commonly 
asked, for they arise from that profound ignorance of 
the value and true position of physical science, which 
infests the minds of the most highly educated and 
intelligent classes of the community. But if I did not 
feel well assured that they are capable of being easily 
and satisfactorily answered; that they have been an- 
swered over and over again ; and tliat the time will 
come when men of liberal education will blush to raise 
6uch questions,— I should be ashamed of my position 
here to-night. • Without doubt, it is your great and very 
important function to carry out elementary education ; 
without question, anything that should interfere with 
the faithful fulfilment of that duty on your part would 
be a great evil ; and if I thought that your acquirement 
of the elements of phyRical science, and your communi- 
cation of those elements to your pupils, involved any 
sort of interference with your proper duties, I should 
be the first person to protest against your being on^ 
couragcd to do anything of the kind. 

But is it true that the acquisition of such a know- 
ledge of science as is proposed, and the communication 
of that knowledge, are calculated to weaken your use- 
fulness 1 Or may I not rather ask, is it possible for you 
to discharge your functions properly ^^'ithout these aids ] 
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"Wliat is iLc purpose of primary intellectual cduca- I 
tioa ? 1 apprehend that its first object is to tmiii the I 
young in the use of those tools wherewith men extract j 
knowledge from the cvcr-shifting succession of phieno- 
niena wliich pass before their eyes ; and that ita 8ccon<l | 
object is to infonn them of the fundamental laws which I 
have been found by experience to govern the course of j 
things, 80 that they may not be turned out into the 
world naked, defeucelcsSj and a prey to the events they I 
might control. [ 

A boy is taught to read hia own and other languages, I 
in order that lie miiy have access to infinitely wider J 
stores of knowledge thim could ever be opened to him j 
by oral intercourse with his fellow men ; he learns to I 
write, tliat hia means of communication with the rest of ] 
mankind may be indefinitely enlarged, and that be ma.j I 
record and store up tbc knowledge he acquires. He 
is tauglit elementary mathematics, that be may under- 
stand all those -rclatious of number and form, upon J 
which the transactions of men, associated in complicated j 
societies, arc built, and that be may have some practice 
in deductive reasoning. I 

All these operations of reading, writing, and ciphering, 
are intellectual tools, whose use should, before all things, 
bo learned, and learned thoroughly; so that the youth , 
may be enabled to make his life that which it ought to J 
be, a continual progrei3s in learning and in wisdom. I 

But, in addition, primary education eudeavours to fit A 
a boy out with a certain equipment of positive know- 1 
lodge. He is tauglit the great laws of morality ; the | 
religion of his sect; so much history and geography as I 
will toll him where the great countries of the world 
Eire, what they are, and how they have become what 
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ccUcnt things to teach a boy ; I Ehould be very mrvy 
to omit any of them from any Echeme of primary in- 1 
tcllectual education. The system ia excellent, so far as 
it goes, 

But if I regard it closely, a curioua reflection ariacfi. i 
I suppose that, fifteen hundred years ago, the child of j 
any well-to-do .Roman citizen was taught just these j 
same things ; reading and wi-iting in bis own, and, per- j 
bapa, t!ie Greek tongue; the elements of mathematics; I 
and the religion, morality, history, and geography cur- j 
rent in his time. Furthermore, I do not think I err j 
in affirming, that, if such a Christian Eoman boy, who 
had finished bis education, could be transplanted into 
one of our public schools, and pass through its course of 1 
instruction, he would not meet with a single unfamiliar 
line i)f thought ; amidst all the new facts he would 
have to learn, not one would suggest a different mode 1 
of regarding the univGi-se from that current in his 
own time. ■ ' 

And yet surely there is some great dilTcrence letwcon 
the civilization of the fourth century and tLat of the 
nineteenth, and still more between the intellectual habiVs 
and tone of thought of that day aud this 1 

And what has made tliis difference ? I answer fear- 
hissly, — The prodigious development of physical science 
within the last two centuries. J 

Modem civilization rests upon physical science ; take I 
away her gifts to our own country, and our josition " 
among the leading nations of the 'world ia gene to- 
morrow; for it is physical science only, that makes 
iiitelUgenco and moral energy etrongcr than brute force. 

Tbc whole of modern thought is steeped in science ; it 
has made its way into the works of our best poct^ and 
even the mere man of letters, who affects to ignore ami 
despise science, i= uiicousciouHly impiTgnated with her 
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spirit, and indcltteil for liis best products to her mtttliods. 
I believe that the greatest intelleetual revolutiou mau- 
Idud has yet aeea is now slowly taking place by her 
agency. She is teaching the world that the ultimate 
court of appeal is observation and experiment, and not 
authority ; she is teaching it to estimate the value of 
evidence ; she is ercatiug a firm and living faith in the 
existence of immutable moral and physical laws, perfect 
obedience to which ia the highest possible aim of an 
iutcUigcnt being. 

But of all this your old stf.rcotyped system of educa- 
tion takes no note. Physical science, its methods, its 
problems, and its difficulties, will meet the poorest boy 
at every turn, and yet wo educate him in such a manner 
that he shall enter the world as ignorant of the existence 
uf the methods and facts of science as the day he was 
bora. The modern world is full of artiller}'; and we 
turn out our children to do battle in it, equipped with 
the shield and sword of an ancient gladiator. 

Posterity will cry shame on us if wo do not remedy 
this deplorable state of things. Nay, if we live twenty 
yeai's longer, our own consciences will cry shame on us. 

It is my firm con\'iction that the only way to remedy 
it is, to make the elements of physical science an integral 
part of primary education. I have endeavoured to show 
you how that may be done for that branch of science 
which it is my business to pursue ; and I can but add, 
that I should look upon the day when every school- 
master throughout this land was a centre of genuine, 
however rudimentary, scientific knowledge, as an epoch 
in the history of the country. 

But let me entreat you to remember my last words. 
Addressing myself to you, as teachers, I would say, mere 
book leai'ning in physical scicneo is a sham and a 
_dclufiion — what you teach, unless you wish to be impos- 
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tors, that you must first know; and real knowledge in 
science means personal acquaintance with the facts, be 
they few or many.^ 

* It has been suggested to me that these words may be taken to imply 
a discouragement on my part of any sort of scientific instruction which 
does not give an acquaintance with the facts at first hand. But this v^ 
not my meaning. The ideal of scientific teaching is, no doubt, a system 
by which the scholar sees every fact for himself, and the teacher supplies 
only the explanations. Circumstances, however, do not often allow of tie 
attainment of that ideal, and we must put up with the next best system — 
one in which the scholar takes a good deal on trust from a teacher, who, 
knowing the facts by his own knowledge, can describe them with so much 
vividness as to enable his audience to form competent ideas concerning 
them. The system which I repudiate is that which allows teachers who 
have not come into direct contact with the leading facts of a science to pass 
their second-hand information on. The scientific virus, like vaccine lymph, 
if passed through too long a succession of organisms, will lose all its effect 
in protecting the ;|'ouu2 against the intellectual epidemics to which tbej are 
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In ordor to make the title of this discourse generally 
itituHigilile, I have translated the term "Protoplasm," ' 
which is the seientifiu name of the substance of which I -I 
am nbout to Bpeak, by the words "the physical basis of , 
life." I suppose that, to many, the idea that there ia 
rtueh a thing as a physical basis, or matter, of life may 
ho novel — so widely spread is thu conception of life as a 
Komcthing which works through matter, but is independent 
iif it ; and even those who are awiiTC that matter and 
life arc inaepiirably connected, may not be prepared for^ 
iho conclusion plainly suggested by the phrase, "the 
lihysical basis or matter of life," that there is some one 
kind of matter which is common to all living beings, 
!ind that their endless diversities are bound together by 
a physical, as well as an ideal, unity. In fact, when first 

' Tlio miliBtfitioe of this ^peT was containcil in a liiEoourse which was I 
iMivercd in EiliiiUui-gh ou the evening of Sunday, the Stii of Novembep, ^ 
1H(i8 — iKsiiig tlie first of a series of Sunday eveuing addruases upon iion- 
tlie()logi(;al topioa. instituted bjtbeltev. J. Crnnbruok. Some ph rosea, whiuh 
could poaaesa onl^ B triLiisitorj and local interest, hare boeD omitted ; 
jaHtcnil of tba no wspapcr report of tbe Archbishop of York'a addreas, his 
^mce'a HiibBoqnentlj-publisbed pamphlet "On the Limits of Philosuphioal 
MlLry''i8 qiiutod; aud I have, nere and there, endeavoured to express luj 
^ins tnoro fully and clearly iban I seem to have done iu speaking— if I 
yu^a by sundry criticisms upon vrhat I am supposed to have said, which 
~- ' " ■ ' substance, and, so far ssmy recollection sorvua, iu 
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(ipprcbciiclecl, such a doctrino as tliia appciirs almost 
shockiiig to common sense. 

Wliat, truly, can seera to be more obviously different 
from one anutber, in faculty, in form, and in BubstancC; 
tbantbe various kinds of living beings? "What community 
of faculty can tbere be between the brightly-coloured 
lichen, which so nearly rcscmblus n mere mineral in- 
crustation of the biire rock on wlilcb it grows, and the 
painter, to whom it is instinct with beauty, or tbc 
botanist, whom it feeds with knowledge 1 

Agiiin, think of the mici-oscopic fungus — a mere infi- 
nitesimal ovoid particle, which finds space and duration 
enough to muUiply into countless millions in the body 
of a living fly ; and then of the wealth of foliage, the 
luxuriance of flower and fruit, which lies between this 
bald sketch of a plant and the giant pine of California, 
towering to the dimensions of a cathedral spire, or the 
Indian tig, which covers acres with its profound shadow, 
and endures while nations and empires come and go 
around its vast circumference. Or, turning to the other 
half of the world of life, picture to yourselves the great 
Finncr whale, hugest of beasts that live, or have lived, 
disporting his eighty or ninety feet of bone, muscle, and 
blubber, with easy roll, among waves in which the 
stoutest ship that ever left dockyard would founder 
hopelessly; and contrast him with the invisible animal- 
cules — mere gelatinous specks, multitudes of which could, 
in fact, dance upon the point of a needle with the same 
ease as the angels of the Schoolmen could, in imagination. 
AVith these images before your minds, you may well ask, 
what community of form, or structure, is there between 
the animalcule and tlio whale ; or between the fungus and 
the fig-tree ? And, d, fortiori, between all four ? 

Finally, if we rcgai'd substance, or material composi- 
tion, what hidden buiid c;in connect the flower which a 



ur SEiurojfs, addresses, and refiejfs 



[ti 



girl wears ia licr hair and the blood which courses 
through her youthful vems ; or, what is there in common 
between the dense and resisting mass of the oak, or the 
strong fabric of the tortoise, and those broad disks of 
glassy jelly which may be seen pulsating through the 
waters of a calm sea, but which drain away to mere films 
in the hand which raises them out of their element ? 

Such objections as these must, I think, arise iii the 
mind of every one who ponders, for the first time, upon 
the conception of a single physical basis of life under- 
lying all the diversities of vital existence ; but I propose 
to demonstrate to you that, notwithstaudiag these 
apparent difficulties, a threefold unity — namely, a unity 
of power or faculty, a unity of form, and a unity of 
substantial composition — does pervade the whole living 
world. 

No very abstruse argumentation is needed, ia the first 
place, to prove that the power's, or faculties, of all kinds 
of living matter, diverse as they may be in degree, ai-e 
substantially similar in kind. 

Goethe has condensed a survey of all the powers of 
inanldnd into the well-known epigram : — 
" Warutn treibt sich das Volk so imd acliruit t Ea will sbli eriiiibrcii 
^Kinder zeugen, uad din nahren so gut es vcrmug. 
• # » • * 

Weiter hringt ea kem Menscli, stell' er sJuli wie er auch will.' 

In physiological language this means, that all the 
multifarious and complicated activities of man are 
comprehciisible under three categories. Either they arc 
immediately directed towards the maintenance and deve- 
lopment of the body, or they efi'eet transitory changes 
in the relative positions of parts of the body, or they tend 
towards the continuance of the species. Even those mani- 
festations of intellect, of feeling, and of wdl, which wa 
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rightly nnfflc ihc higher faculties, are not excluded from 
this classification, inasmuch asto every one but the subject 
of thorn, they are known only as trai^itorj changes in 
the relative positions of parts of the body. Speech, 
gesture, and every other form of human action arc, in 
the long run, resolvable into muscular contraction, and 
muscular contraction is but a transitory change in the 
relative positions of t!ie parts of a mu3cle. But the 
scheme which is large enough to embrace the activitiea 
of the highest form of life, covers all those of the lower 
creatures. The lowest plant, or animalcule, feeds, grows, 
and reproduces its kind. In addition, all animals manifest 
those transitory changes of form which we class under 
irritability and coutractility ; and, it is more than 
probable, that when the vegetable world ia thoroughly 
explored, we shall find all plants in posstasion of the , 
same powci-s, at one time or other of their existence. 
I am not now alluding to such phfcnomena, at once 
rare and conspicuous, as those exhibited by the leaflets 
of the sensitive plant, or the stamens of the barberry, 
but to much more widely-spread, and, at the same time, 
more subtle and hidden, manifestations of vegetable 
contractility. You are doubtless aware that the common 
nettle owes its stinging property to the innumerable stil! 
and needle-like, though exquisitely delicate, hairs which 
cover its surface. Each stingmg-needle tapers from a 
broad base to a slender summit, which, though rounded ' 
at the end, ia of such microscopic fineness that it readily 
penetrates, and breaks oif in, the skin. The whole hair 
consists of a very deheate outer case of wood, closely 
applied to the inner surface of which ia a layer of semi- 
fluid matter, full of innumerable granules of extreme 
minuteness. This semi-fluid linin g ig protoplasm, which 
thus constitutes a kind of bag, full of a limpid liquid, 
and roughly corresponding in form with the interior of 
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llie hair which it fills. When viewed with a siifEcicntly ' 
liigh magnifying power, the protoplasmic layer of tho 
nettle hiiir ia seen to be in a condition of unceasing 
activity. Local contractions of the whole tbicknesa of 
its substance pass slowly and gradually from point to 
fHjint, and give rise to the appearance of progressive 
waves, just as the bending of successive stalks of corn by 
a breeze produces the apparent billows of a corn-field. 

But, in addition to these movements, and independently 
of them, the granules are driven, in relatively rapid J 
streams, through channels in the protoplasm which seem J 
to have a considerable amount of pci'sistence. Most J 
commonly, the cun'cnts in adjacent parts of the proto- 1 
plasm take similar directions ; and, thus, there ia a ' 
general stream up one side of the hair and down the 
other. But this does not prevent the existence of partial 
currents which take different routes ; and, sometimes, 
trains of granules may be seen coursing swiftly in 
opposite directions, within a twenty-thousandth of an 
inch of one another ; wtnle, occasipnally, opposite streams 
come into direct collision, and, after a longer or shorter 
straggle, one predominates. The cause of these currents 
seems to lie in contractions of the protoplasm which 
bounds the channels in which they flow, but which are i 
so minute that the best microscopes show only their J 
effects, and not themselves. 

The spectacle afforded by the wonderful energies n 
prisoned within the compass of the microscopic hair J 
of a plant, which we commonly regard as a merely J 
passive organism, is not easily forgotten by one who haa j 
watched its display, continued hour after hour, without I 
pause or sign of weakening. Tho possible complexity j 
of many other organic forms, seemingly as simple as 
the protoplasm of the nettle, dawns upon one; and the 
comparison of such a protoplasm to a body with an 
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iiitemal circulation, which Las been put forward by an 
eminent physiologist, loses mnch of its startliug character. 
Currents similar to those of the hairs of the uettle have 
been observed in a great multitude of very different 
plants, and weighty authorities have suggested that they 
probably occur, iii more or less perfection, in all young 
vegetable cells. If such be the case, the ■wonderful 
noonday silence of a tropical forest is, after all, due only 
to the dulness of our heaiing ; and could our ears catch 
the minmur of these tiny Maelstroms, as they whirl in 
the innumerable myriads of living cells which constitute 
each tree, we should be stunned, as with the roar of 
a. great city. 

Among the lower plants, it is the rule rather than the 
exception, that contractiUty abould be still more openly 
manifested at some periods uf their existence The 
protoplasm of Algm and Fungi becomes, under many 
circumstances, partially, or completely, freed from ita 
woody case, and exhibits movements of ita whole ma-^s,- 
or is propelled by the contractility of one, or more, hnir- 
like prolongations of its body, which are called vibratile 
cilia. And, so far as the couditions of the manifestation 
of the ph:enomena of contractility have yet been studied, 
they arc the same for the plant as for the animal Heat 
and electric shocks influence both, and in the same way, 
though it may be in different degrees. It is by no means 
my intention to suggest that there is no difference in 
faculty between the lowest plant and the highest, or 
between plants and animals. But the difference between 
the powers of the lowest plant, or animal, and those of 
the highest, is one of degree, not of kind, and depends, 
H8 Milne-Edwards long ago bo well pointed out, upon 
the extent to which the principle of the division of 
labour is carried out in the living economy. In the 
lowest organism all paits are competent to perform all 



fuuctinnn, ftiid one and the same portion of 
[ilasm may sitccessively take on tlie function of feeding, 
moving, or reproducing apparatus. lu the highest, on 
tlie contrary, a great number of parts combine to per- 
form each function, each part doing its allotted share oJ 
the work with great accuracy and efficiency, but bclnj 
useless for any other purpose. 

On the other hand, notwithstanding all the funda-l 
inontiil resemblances which exist between the powers ofj 
the protoplasm in plants and in animals, tbey present 
a striking difference (to which I shall advcil; more at 
length presently), in the fact that plants can manufacture 
fresh protoplasm out of mineral compounds, whereas 
animals are obliged to procure it ready made, and hence, 
in the long run, depend upon plants. Upon what con- 
dition this difference in tlie powers of the two great 
divisions of the world of life depends, nothing is at 
present known. 

With such qualification aa arises out of the last- 
mentioned fact, it may be truly said that the acts of all 
living things are fundamentally one. Is any sueh nnity 
prcdicable of their forms ? Let us seek in easily verified 
facts for a reply to this question. If a drop of blood be 
drawn by pricking one's finger, and viewed with proper 
precautions and under a sufficiently high microscopic 
power; there will be seen, among the innumerable mul- 
titude of little, circular, discoidal bodies, or corpuscles, 
which float in it and give it its colour, a comparatively 
small number of colourless corpuscles, of somewhat lai^er 
size and very irregular shape. If the drop of blood be 
kept at the temperature of the body, these colourless 
corpuscles will be seen to exhibit a marvellous activity, 
changing their forms with great rapidity, drawing iu 
and thrusting out prolongations of their substance, and 
ci-ecping about as if they were independent organisms. 
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3 substance which is thus active is a mnss of proto- 
plasm, and its activity differs in detail, rjitL(;r than in 
prineiijle, from that of the protoplasm of the nettle. 
Under sundry circumstances the corpuscle dies and 
becomes distended into a round mass, in the midst of 
which is seen a smaller spherical body, which existed, 
but was more or less hidden, in the living corpuscle, and 
is called its nucleus. Corpuscles of essentifdly similar 
structure are to be found in the skin, in the lining of the 
moutli, and scattered through the whole framework of 
the body. Nay, more ; in the earliest condition of the 
human organism, in that state in which it haa but just 
become distinguishable from the egg in which it arises, 
it is nothing but an aggregation of such corpuscles, and 
cveiy organ of the body was, once, no more than such 
an aggregation. 

Thus a nucleated mass of protoplasm turns out to be 
what may be termed tJie structural unit of the liuman 
bo'""/. As a matter of fact, the body, in its earhcst state, 
is a mere multii)le of Kuch units ; and, in its perfect con- 
dition, it is a multiple of such units, vaiiously modified. 

But does thi formula which expresses the essential 
structural character of the highest animal cover all the 
rest, as the statement of its powers and faculties covered 
that of all others ? Very nearly. Beast and fowl, 
reptile and fish, mollusk, worm, and polypCj arc all com- 
posed of structural units of the same character, namely, 
masses of protoplasm with a nucleus. There are sundry 
very low animals, each of which, strueturrtUy, is a mere 
colourless blood-corpuscle, leading an independent life. 
But, at the very bottom of the animal scale, even this 
simphcity becomes simplified, and all the phrenoniena of 
life ai'e manifested by a particle of protoplasm without a 
nucleus. Nor arc such organisms insignificant by reason 
of their want of complexity. It is a fair question 
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whether the protoplasm of those simplest forma of li 
which people an immense extent of the bottom of 1 
Bca, would not outweigh tliat of all the higher living 
heinga which inhabit the land put together. And in 
iiQcieut times, no less than at the present day, aucfajJ 
living beings as these have been the greatest of Todn 
buUdcra. -fl 

"Wliat has been said of the animal world is no less trudj 
of plants. Imbedded in the protophism at the broad, o»l 
attached, end of the nettle liair, there lies a spheroidal" 
nucleus. Careful examination further proves that tho 
whole substance of the nettle is made up of a repetition 
of such miisaes of nucleated protoplasm, each contained 
ia a wooden case, which is modified in form, somctimea.^ 
into a woody fibre, sometimes into a duct or spiral vesaeli I 
sometimes into a pollen grain, or an ovule. Traced backs 
to its earliest state, the nettle arises as the man does, in.i 
a particle of nucleated protoplasm. And in the lowest I 
plants, as in the lowest animals, a single mass of such ■ 
protoplasm may constitute the whole plant, or tho photo- J 
plasm may exist witliout a nucleus. 

Under these curcumstanees it may well be asked, hovf I 
ia one mass of non-nucleated protoplasm .to be distin.-*! 
guished from another ? why call one "plant" and thai 
other " animal" ? 

The only reply is that, so far as form is concerned, 
planta and animals are not separable, and that, in many 
eases, it ia a mere matter of convention whether we call 
a given organism an animal or a plant. There is a living 
body caUed jEthalium septicum, which appears upon 
decaying vegetable substances, and, iu one of its forms, ia 
common upon the surfaces of tan-pits. In this condition 
it is, to all intents and purposes, a fungus, and formerly 
Was always regarded as such ; but the remarkable in- 
vestigations of De liary have shown that, in another 
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condition, the jEthalium la an actively locomotive crea- 
ture, and takes in solid matters, upon which, apparently, 
it feeds, thus exhibiting the most characteristic feature 
of animality. Is this a plant ; or is it an animal ? Is 
it both ; or ia it neither ? Some decide in favour of the 
last supposition, and establish an mtermediate kingdom, 
a sort of biological No Man's Land for all these ques- 
tionable forms. But, as it is admittedly impossible to 
draw any distinct boundary line between this no man's 
land and the vegetable world on the one hand, or the _| 
animal, on the other, it appears to me that thia pro- 
eeeding merely doubles the difficulty which, before, was 1 
single. 

Protoplasm, simple or nucleated, is the formal basis of 
all life. It is the clay of the potter : which, bake it and 
paint it as he will, remains clay, separated by artifice, 
and not by nature, from the commonest brick or sun- 
di'ied clod. 

Thus it becomes clear that all living powers are 
cognate, and that all living foi-ms are fundamentally of 
one character. The researches of the chemist have 
revealed a no less striking uniformity of material com- ' 
position in living matter. 

In perfect strictness, it is true that chemical inves- 
tigation can tell us little or nothing, directly, of the 1 
composition of living matter, inasmuch as such matter 
must needs die in the act of analysis, — and upon thia 
very obvious ground, objections, which I confess seem to 
me to be somewhat frivolous, have been raised to the 
drawing of any conclusions whatever respecting the 
composition of actually living matter, from that of the 
dead matter of life, which alone ia accessible to us. But 
objectors of this class do not seem to reflect that it is 
■alflo, in strictness, true that we know nothing about the 
^bpiposition of any body whatever, as it is. The state- 



ment tliat a crj^tal of calc-spnr consists of carbonate of 
lime, is quite true, if we only mean that, by appropriate 
processes, it may ba resolved into carbonic acid and 
quicklime. If you pass the same carbonic add over the 
very quicklime thus obtained, you will obtain carbonate 
of lime again ; but it will not be calc-spar, nor anything 
like it. Can it, therefore, be said that chemical analysis 
teaches nothing about the chemical composition of calc- 
spar ? Such a statement would be absurd ; but it is 
hardly more so than the tallc one occasionally hears 
about the uselessness of applying the results of chemical 
analysis to the livmg bodies which have yielded them. 

One fact, at any rate, is out of reach of such reline- 
ments, and this is, that all the forms of protoplasm 
which have yet been examined contain the four dementi', 
carbon, hydrogen, oxygen, and nitrogen, in very complex 
union, and that they behave similai'ly towards several 
reagents. To this complex combination, the nature of 
which has never been determined with exactness, the 
name of Protein has been applied. And if we use this 
term with such caution as may properly arise out of our 
comparative ignorance of tlie things for which it stands, 
it may be truly said, that all protoplasm is proteinaceous , 
or, as the white, or albumen, of an egg is one of the 
commonest examples of a nearly pure proteine matter, 
we may say that all livmg matter is more or less 
albuminoid. 

Perhaps it would not yet be safe to say that all forms 
of protophism are affected by the direct action of electric 
shocks ; and yet the number of cases in which tlic 
contraction oi protoplasm is shown to be effected by tins 
^~"" y increases every day. 

r can it be affii'm.t;(l with perfect confidence, that all 
I of protoplasm are liable to undergo that peculiar 

ITiJatiou at a te.-inncratiire of 40° — 50° centigrade. 
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■which has been called " heat-stiffening," though KUhne's 
beautiful researches have proved this occurrence to take 
place in so many and such diverse living beings, that it 
is hai'dly rash to expect that the law holds good for all. 

Enough baa, perhaps, been said to prove the existence 
of a general uniformity in the cbaractor of the proto- 
plasm, or physical basis, of life, in whatever group of 
living beings it may be studied. Bat it will be under- 
Btood that this general uniformity by no means excludes 
any amount of special modifications of tlie fundamental 
substance. The mineral, carbonate of lime, assumes an 
immense diversity of chiiraeters, though no one doubts 
that, under all ihese Protean changes, it is one and the 
same thing. 

And now, what is the ultimate fate, and what the 
origin, of the matter of life ? 

la it, as some of the older naturalists supposed, 
diffused throughout the universe in molecules, which aro 
indestiTictible and unchangeable in themselves; but, in 
endless transmigration, unite in innumerable permu- 
tations, into the diversified forms of life we know ? Or, 
18 the matter of life composed of ordinary matter, 
differing irom it only in the manner in which its atoms 
are .aggregated ? Is it Ijuilt up of ordinary matter, and 
again resolved into ordinaiy matter when its work ia 
done? 

Modem science does not hesitate a moment between 
these alternatives. Physiology writes over the i)orUd» uf 
life— 

"I>obeDitirinorti noa nostrariue," 

with a profoundcr meaning than thc'Eoman poet attached 
to that melancholy line. Under whatever disguise it 
takes refuge, ■whether fungus or oalc, worm or man, the 
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by, I shall probably haTe recourse to the substance com- 
monly called mutton, for the purpose of stretching it 
back to its original size. Now this mutton was once 
the living protophism, more or less modified, of anothtT 
animal — a sheep. As I shall cat it, it is the same matter 
altered, not only by death, but by exposure to sundry 
iirtificial operations in the process of cooking. 

But these changes, whatever be their extent, have not 
renilcrcd it incompetent to resume its old functions as 
matter of life. A singular inwai'd laboratory, which I 
possess, will dissolve a certain portion of the modilied 
jirotoplasm ; the solution bo formed will pass into my 
veins ; and the subtle iiifluencea to which it will then be 
subjected will convert the dead protoplasm into living 
protoplasm, and transubstantiate sheep into man. 

Nor is this all. If digestion were a thing to be trifled 
with, I might sup upon lobster, and the matter of life of 
the crustacean would uudergo the same wonderful meta- 
morjihosL? into humanity. And were I to return to my 
own place by sea, and undergo shipwreck, the Crustacea 
might, and probably would, return the coropUment, and 
demonstrate our common nature by turning my proto- 
plasm into living lobster. Or, if nothing better were Ui 
bo had, I might supply my wants with mere bread, and 
I should fmd the protoplasm of the wbeat^plant to be 
convertible into man, with no more trouble than that 
of the sheep, and with far less, I fancy, than that of 
the lobster. 

Hence it appears to be a matter of no great moment 
what animal, or what plant, I lay under contribution ii^r 
protoplasm, and the fiict speaks volumes for the general 
identity of that substance in all living beings, I share 
this catholicity of assimilation with Other animals, all of 
which, so far as we know, could thrive equally well on 
the protoplasm of any of their fellows, or of any plant; 



but here the assimilative powers of the animal ■woiltl 
cease. A solution of smelling-salts in water, with an 
infinitesimal proportion of some other saline matters, 
contains aU the elementary bodies which enter into the 
composition of protoplasm ; but, as I need hardly say, a 
hogshead of that fluid would not keep a hungry man from 
starving, nor would it save any animal whatever from a 
like fate. An animal cannot make protoplasm, but must 
take it ready-made from some other animal, or some 
plant — the animal's highest feat of constructive chemistry 
being to convert dead protoplasm into that living matter 
of life which is appropriate to itself. 

Therefore, in seeking for the origin of protopUism, we 
must eventually turn to the vegetable world. The fluid 
containing carbonic acid, water, and ammonia, which 
offers such a Barmecide feast to the animal, is a table 
richly spread to multitudes of plants ; and, with a due 
supply of only such materials, many a plant will not only 
maintain itself in vigour, but grow and multiply until it 
has increased a milUon-fold, or a million milbon-fold, the 
quantity of protoplasm which it originally possessed ; in 
this way building up the matter of life, to an indefinite 
extent, Irom the common matter of the universe. 

Thus, the animal can only raise the complex Bub- 
stanco of dead protoplasm to the higher power, as one 
may say, of living protoplasm ; while the plant can raise 
the less complex substances — carbonic acid, water, and 
ammonia — to the same stage of living protopUi^m, if not 
to tlie same level. But the plant also has its limitations. 
Some of the fungi, for examjile, appear to need higher 
compounds to start witli ; and no known phmt can live 
upon the uncompouuded elements of protoplasm. A 
plant eupplied with pure carbon, hydrogen, oxygen, 
and nitrogen, phosphorus, sulphur, and the like, woulil 
K9 infidlibly die as the animal in his bath of smelling] ~ 
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sails, thougli it would be surroimclecl by all the consti- 
tuents of protoplasm. Nor, iudccd, need the process of 
eimplification of vegetable food be carried bo far as thisy 
in order to arrive at the lifiiit of the plant's thaumaturgy. 
Let water, carbonic acid, and all the other needful con- 
stituents be supplied with ammonia, and an ordinary 
plant will Btill be unable to manufacture protoplasm. 

Thus the matter of life, so far as we know it (and we 
have no right to speculate on any other), breaks up, in 
consequence of that continual death which is the con- 
dition of its manifesting vitality, into carbonic acid, 
water, and ammonia, which certainly possess no proper- 
tics but those of ordinaiy matter. And out of these 
same forma of ordinary matter, and from none wliich 
are simpler, the vegetable world builds up all the proto- 
plasm which keeps the animal world a-going. Plants are 
the accumulators of the power which animals distribute 
and disperse. 

But it will be observed, that the existence of the 
matter of life depends on the prc-existcncc of certain 
compounds ; namely, carbonic acid, water, and ammonia. 
Withdraw any one of these three from the world, and all 
vital phEenomena come to an end. They are related 
to the protoplasm of the plant, as the protoplasm of the 
plant is to that of the animal. Carbon, hydrogen, oxygen, 
and nitrogen are all lifeless bodies. Of these, cai'bon 
and oxygea unite, in certain proportions and under 
certain conditions, to give rise to carbonic acid; 
hydrogen and oxygen produce water ; nitrogea and 
hydrogen give rise to ammonia. These new compounds, 
like the elementary bodies of which they are composed, 
are lifeless. But when they are brought together, 
-under certain conditions they give rise to the Btill 
■more complex body, protoplasm, and this protoplasm 
" 'libits the pha:;uomeua of life. 
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I RCG no break in tliis series of steps in molecular 
complication, and I am uujible to understand wliy tlie 
language which is applicable to any one term of the 
scries may not be used to any of the others. We think 
fit to call different kinds of matter cwbon, oxygen, 
hydrogen, and nitrogen, and to speak of the -various 
powers and activities of these substances as the pro- 
perties of the matter of which they are composed. 

When hydrogen and oxygen are mixed in a certain 
proportion, and an electric spark is passed through them, 
they disa])pear, and a quantity of water, equal in weight J 
to the sura of their weights, appeai-s in their placeujl 
There is not the sbghtest parity between the passive an^a 
active powers of the waters and those of the oxygen anal 
hydrogen which have given rise to it. At 32° Falircnhcifca 
and far below that temperature, oxygen and hydrogeijjl 
ore clastic gaseous bodies, "whose particles tend to ruRM 
away from one another with great force. Water, at th« 
same temperature, is a strong tliough brittle sobd, whos« 
particles tend to cohere into definite geometrical sbapcM 
and Boractimes bnild up frosty imitations of the mo^J 
somplex forms of vegetable foliage. ■ 

Nevertheless we call these, and many ether strangOT 

EhEenomona, the properties of the water, and we do ui^^ 
csitato to believe that, in some way or another, thgJ 
result from the properties of the component elements aH 
the water. Wo do not assume that a something colI^B 
"aquosity" entered into and took possession of the oxic^| 
of hydrogim as soon as it was formed, and then guid^fl 
the aqueous particles to their places in the facets of tllfl 
crystal, or amongst the loallets of t!ie hoar-frost. On ioM 
contraiy, we live in the hope and in the faith that, loM 
the advance of molecular physics, we shall by and by ^1 
ahlo to sec our way as clcai'ly irom the constituents ^M 
Bferatcr to the properties of water, as we are now able tM 
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tlecltiee the ciperationa of a wateli from the form of its 
parts and the manner in which they are put together. 

Is the case in any way changed when cai'bonic acid, ! 
water, and ammonia disappear, and in their place, imdorl 
the influence of pre-existing living protoplasm, 
equivalent weight of the matter of life makes 
appearance ? 

It is true that there is no sort of parity between the 
properties of the components and the properties of the 
resultant, but neither was there in the case of the water. 
It is also true that what I have spoken of an the in- 
fluence of pre-existing living matter is something quite 
unintelligible ; but does anybody quite comprehend the 
modus operandi of an electric spark, which traverses a 
mixture of oxygen and hydrogen ? 

"What justification is there, then, for the assumption of 
the existence in the living matter of a something which 
has no representative, or correlative, in the not living 
matter which gave rise to it ? AVhat better philosophical 
status has " vitality " than " aquosity " 1 And why 
should "vitality" hope for a better fate than the other 
"itys" which have disappeared since Martinus Scriblerus 
accounted for the operation of the meat-jack by its. 
inherent "meat^roaating quality," and scorned the 
" materialism" of those who explained the turning of the. 
spit by a certain mechanism worked by the draught of 
the chimney 1 

If scientific language is to possess a definite and; 
constant signification whenever it is employed, it seems 
to me that we are logically bound to apply to the 
protopliism, or physical basis of life, the same concep- 
lioiis as those which are held to he legitimate elsewhere. 
If the phfenomena exhibited by water are its properties, 
so are those presented by protoplasm, living or dead, it. 
properties. 
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If the propcrtie3 of water mny be properly said toi 
result from tlie nature anil disposition of its componcatj 
molecules, I can find no intelligible ground for rcfusingJ 
to say that the properties of protoplasm result from thtfj 
nature and disposition of its molecules. 1 

But I bid you beware that, in accepting these conclU'*J 
sions, you arc placing your feet on the first rung of ti>^ 
hiddcr which, in most pcoplii's estimation, is the revers 
of Jacob's, and leads to the antipodes of heaven. It may 
seem a small thing to admit that the dull vital actions-* 
of a fungus, or a foraminifer, are the properties of their 
protoplasm, and ai'c the direct results of the nature of the 
matter of which they are composed. Uut if, as I bave,^ 
endeavoured to prove to you, their protoplasm is essei 
tiaJIy identical with, and most readily converted into 
that of any animal, I can discover no logical halting- 
place between the admission that such is the case, and4 
the further concession that all vital action may, with."-! 
equal propriety, be said, to be the result of the moleculM* \ 
forces of the protoplasm wliieh displays it. And. if so,a 
it must be true, in the same sense and to the : 
extent, that the thoughts to which I am now giving J 
utterance, and your thoughts regarding them, are th^'l 
expression of molecular changes in that matter of lifav 
which is the source of our other vital phceuomena. 

Past experience leads me to be tolerably certain thai] 
when the propositions I have just placed before you are! 
accessible to public comment and criticism, they will bal 
eondemned by many zealous persons, and perhaps by J 
some few of the wise and thoughtful. I should not 
wonder if "gross and brutal materialism" were the 
mildest phrase applied to them in certain quarters. 
And, most undoubtedly, the terms of the propositions are 
distijictly materialistic. KeverLheless two things 
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certain : tLe one, that I hoM the statements to be sub- 
Btantially true ; the other, that I, individually, am no 
materiahst, but, on the contrary, believe materialism to 
involve grave philosophical error. 

This union of materialistic terminology with the repu- 
diation of materialistic philosophy I share with some of 
the most thoughtful men with whom 1 am acquainted. 
And, when I fii-st undertook to deliver the present 
discourse, it appeared to me to be a fitting opportunity 
to explain how such a union is not only consistent with, 
but necessitated by, sound log^c I purposed to lead you 
through the territory of vital phcenomena to the material- 
istic Sough in which you find yourselves now plunged, 
and then to point out to you the sole path by which, in 
my judgment, extrication is possible. 

An occurrence of which I was unaware until my 
arrival here last night renders this line of argument 
Btngularly opportune. I found in your papers the 
eloq^uent address "On the Limits of Philosophical 
Inquiry," which a distinguished prelate of the English 
Church delivered before the members of the Philoso- 
phical Institution on tbe previous day. My argumeut, 
also, turns upon this very point of the limits of philo- 
sophical inquiry ; and I cannot bring out my own views 
better than by contrasting them with those so plainly 
and, in the main, faii-ly stated by the Archbishop of 
Yorli. 

But I may be permitted to make a preliminary con- 
ment upon an occiurence that greatly astonished me. 
Applying the name of the "New Philosophy" to that 
3£timate of the limits of philosophical inquiry which I, 
in common with many other men of science, hold to be 
just, the Archbishop opens his address by identifying 
this " New Philosophy " with the Positive Philosophy of 
M. Comte (of whom he speaks as its " founder") ; 
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then proceeds to attack that philosopher suid his doctriDCS 
vigorously. 

Now, so far as I a,m concerned, the most reverend 
prelate might dialectically hew M. Comte in pieces, as a 
modern Agag, and I should not attempt to stay his 
hand. In so far as my study of what specially charac- 
terises the Positive Philosophy has led me, I find therein 
little or nothing of any scientific value, and a great deaf" 
which is as thoroughly antagonistic to the very essence 
of science as anything in ultramontane Catholicism. 
fact, M. Comte 's philosophy in practice might be com- 
pendiously described as Catholicism minus Christianity. 

But what has Comtism to do with the "Now Philo- 
sophy," as the Archbishop defines it in the followinj 
passage ? 

" Let me brit-Ily remind you of the leading principles of this nei 
Ijliilosophy. 

" All knowledge is expeiicnce of fticta Qcquired by llw senses. Thej 
traditions of older philosopliies lave obscured our experience by mixinfj 
with it much that the senses cannot observe, and until these additiond 
are discarded our knowledge ia impure. Thus metaphysics tell us that 
one fact which we observe is a cause, and auolher is tJio eifeet of tliat 
i:au3e ; but, upon a rigid analysis, wo find that our senses observe 
nothing of cause or effect: they obeen-e, first, that one fact succeeds 
another, and, after eome opportunity, that this fact has never failed tti 
follow — tliat for cause and effect we should subetitute invariable bu 
ceesion. An older philosophy teaches ua to define an object by di 
tinguishiug its essential from it& act^idental qualities : but esporien 
knows nothing of essential and accidental j she sei'S only that ccrtaiii' 
marks attach to an object, anJ, after many observations, tliat some 
them attach invariably, whilst others niny at tiuiea be absent. , . . 
As all knowledge is relative, the notion of anything being neoesss 
must be banished with other tittditions." ^ 

There is much here that expresses the spirit of the 
"New Philosophy," if by tbat term be meant the spirit 
of modern science; but I cannot but marvel that the 

"The Limits of riiilosopliical Inquiry," pp. 4 and B, 
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nascmblcil wisdom and learning of Edinburgh slioulJ 
bave uttered no sign of dissent, when Comtc was 
declared to bo the founder of these doctrines. No one 
will accuse Scotchmen of habitually forgetting their 
great countrymen ; but it was enough to make David 
Hilme turn in his grave, that here, almost within ear- 
shot of his house, an instructed audience should have 
listened, without a murmur, while his most characteristic 
doctrines were attributed to a French writer of fifty 
rears later date, in whose dreary and verbose pages we 
raiss alike the vigour of thought and the exquisite clear- 
ness of style of the mau whom I make bold to terra the 
most acuto thinker of the eighteenth ceutuiy — even 
though that century produced Kant. 

But I did not come to Scotland to vindicate the 
honour of one of the greatest men she has ever produced. 
My business is to point out to you that tlie only way of 
escape out of the crass materialism in which we just 
now landed, is the adoption and strict working-out of 
the very jirinciples which the Archbishop holds up to 
reprobation. 

Let us suppose that knowledge is absolute, and not 
relative, and therefore, tliat our conception of mn.tter 
represents that which it really is. Let us suppose, 
farther, that we do know more of cause and effect than 
a ccrtam definite order of succession among l';icts, and 
that we have a knowledge of the necessity of that succes- 
sion — and hence, of necessary laws — and I, for my part, 
do not see what escape there is from utter niaterialiam 
and necessarianism. For it is obvious that our know- 
ledge of what we call the material world is, to begin 
with, at least as certain and definite as that of the 
epii'itual world, and that our acquaintance with law is of 
KS old a date as our knowledge of spontaneity. Further, 
^tiako it to be demouHtrable that it is utterly impos.sible 
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lo prove that anything whatever may not be the efl 
of a material and necessary cause, ami that human Ic 
is equally incompeteDt to prove that any act 
really Bpontuneoua. A really spontancoiia act 13 i 
which, by the assumption, has no cauai;; and the atti'mpt 
to prove Buch a negative as this is, on the face of the. 
matter, absurd. And while it is thus a phdosophiiial 
impossibility to demonstrate that any given phajnomenon 
is not the effect of a material cause, any one who 13 
acquainted with the history of science wdl admit, that 
its progress has, in all ages, meant, and now, more than. 
ever, means, the extension of the province of what we 
rail matter and causation, and the concomitant gradual 
baniebment from all regions of human thought of whateJ 
we call spirit and spontaneity. I 

I have endeavoured, in the first part of this discourse, , 
to give you a conception of the direction towards which 
modern physiology is tending ; and I ask you, what is 
the ditfcrenee between the conception of life as the 
product of a certain disposition of material molecules, 
and the old notion, of an. Archseus governing and di- 
recting blind matter within each living body, except 
this — that here, aa elsewhere, matter and law have de- 
voured spirit and spontaneity ? And as surely as every 
future grows out of past and present, so will the phy- 
siology of the future gradually extend the realm 
matter and law until it is co-extensive with 
with feeling, and with action. 

The consciousness of this great truth weighs like 
nightmare, I believe, upon many of the best minda 
these days. They watch what they conceive to be the 
progress of materialism, in such fear and powerless anger 
as a savage feels, when, during an eclipse, the great 
Bhado\¥ creeps over the face of the sun. Tlie advancing 
tide of matter threatens to drown their souls ; the tight* 
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grfi!?p of law impedes their freedom ; they are \ 
alarmed lest man's moral nature be debased by the] 
increase of his wisdom. 

If the "New Philosophy" be worthy of the repro- 
bation with which it is visited, I confess theic fears seem 
to me to be well founded. "While, on the contrary, 
could David Hume be consulted, I think he would smile 
at their perplexities, and chide them for doing even as i 
the heathen, and falling down in terror before the 'j 
hideous idols their own hands have raised. 

For, after all, what do we know of this terrible 
" matter," except as a name for the unknown and hypo- 
thetical cause of states of our own consciousness ? And 
what do we know of that "spirit" over whose threatened 
extinction by matter a great lamentation is arising, like 
that which was heard at the death of Pan, except that 
it is also a name for an unknown and hypothetical cause, 
or condition, of states of consciousness ? In other words, 
matter and spirit are but names for the imaginary sub- 
strata of groups of natural phfenomcna. 

And what is the dire necessity and " iron" law under I 
which men groan ? Truly, most gratuitously invented | 
bugbears. 1 suppose if there be an "iron" law, it ia ] 
that of gravitation ; and if there be a physical necessity, 
it ia that a stone, unsupported, must faU to the ground, i 
But what is all we really know, and can know, about the J 
latter phtcnomcnon ? Simply, that, in all human ex- j 
perience, stones have faUca to the ground under thesef 
conditions ; that we have not the smallest reason for I 
believing that any stone so circumstanced will not fall j 
to the ground ; and that wc have, on the contrary, every 
reason to believe that it will so fall. It is very con- 
venient to indicate that all the conditions of behcf have 
been fulfilled in this ease, by calling the statement that 
unsupported stones will fall to the ground, "a law of 
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nature." But when, as commonly happens, we change 
will into must, we introduce an idea of necessity which 
most as.suredly does not lie in the ohscrved fjicts, and 
Ii!i3 no W!UTa,nty that I can discover elsewhere. For my 
part, I utterly repudiate and anathematize the iutnider. 
Fact I know ; and Law 1 know ; but what is this Nu- 
ceasity, save an empty shadow of my own mind's 
throwing ? 

But, if it is certain that we can have no knowledge 
of the nature of either matter or spirit, and that thi 
notion of necessity is something illegitimately thrual 
into tlie perfectly legitimate conception of law, thei 
materialistic position that there is nothing in the world 
hut matter, force, and necessity, is as utterly devoid of 
justification as the moat baseless of theological dogmas. 
The fundamental doctrines of materialism, like those of j 
spiritualism, and most other "isms," lie outside "thi 
limits of philosophical inquiry," and David Hume's great! 
service to humanity is his irrefragable demonstration of 
what these limits are. Hume called him^^elf a sceptic, 
and therefore others cannot be blamed if they apply the 
same title to him ; but that does not alter the fact thaf ' 
the name, with its existing implications, doc3 him gros 
injustice. 

If a man asks me what the politics of the inhabitants 
of the moon are, and I reply that 1 do not know ; that 
neither I, nor any one else, have any means of knowing ; 
and thati under these cn-eumstances, I decline to troubli 
myself about the subject at all, I do not think he ha^ 
^^ right to call me a sceptic. On the contrary, in rc^ 
""^g thus, I conceive that I am simply honest and' 
f I ^^ ^^*^™' °' pi'oper regard for the economy of 
ft bo Hume's strong and subtle intellect takes up 
Uix ., T-^i ^"■''^^'^"13 about which we are naturally 
- " " ^^°'^^ us that they are essentially questiona 
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of luDiir politics, in tlicir esscoco iiie!tp;ible of being 
anawerctl, aud therefore not worth the attention of men 
who have work to do in the world. And he thua'cndd 
one of his cssaya : — 

"If we talfe in hand any vohime of Divinity, or school metapTiysie^ 
for inntanco, let ^X3 ask. Does it contain ani/ abitraet reneonin.;} eMicer7iiii0 
quantify or nnmbtr t H^o. Doa it cnntain any experimental reoiom.itfi 
amccriiinj matter of fad and exiatence 9 No. Commit it llicn to tbe ' 
ilauies ; tbi it can contain nothing bnt sophistry and illufian." ' 

Permit me to enforce this most wise advice. Why 
trouble ourselves about matters of which, ho^vcver im- 
portaut they may be, we do know nothing, and can 
know nothing ? We live ia a world which is full of ■ 
misery and ignorance, and the plain duty of eacli ami 
all of US is to try to make the little corner he can in-J 
tluenco sotcewbat less miserable and somcwbat 
ignorant than it was before he entered it. To do this 
effectually it is necessary to be fuUy possessed of only 
two beliefs : the flrst, that tbc order of nature is ascer- . 
tainable by our faculties to an extent v^-bich ia praeticaUy 
unlimited ; the second, that our volition counts for Eomc- 
thing as a condition of tbc course of events. 

Each of these beliefs can be verified esperimcntally, 
aa often as we like to try. Each, therefore, stands upon 
the strongest foundation upon wbich any belief can rest, 
and forms one of our highest truths. If we find that 
the ascertainment of tbc order of nature is facilitated 
by using one terminology, or one set of symbols, rathei ■ 
than another, it is our clear duty to use the former ; and-j 
no barm can accrue, so long as we bear in mind, that wo J 
are dealing merely with terms and symbols. 

In itself it is of little moment whether we express 1 
the phenomena of matter in terms of spirit; or the! 

' Hnme's Esiny " Of the AcaJemical or Scpptic:J riiilosopliy," . 
" Inq^airy conccnim^ the Hunum Uudcrstaadin^." 
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pliBenomcna of spirit, in terms of matter : matter mny 
be regarded as a form of tlioiigbtj thought may be re- 
garded as a property of matter — each etateraenb has a 
certain relative truth. But with a view to the progress 
of science, the materialistic terminology is in every way 
to bo preferred. For it connects thought with the other 
phsBuomena of the universe, and suggests inquiry into 
the nature of those physical conditions, or concomitants 
of thought, which are more or less accessible to us, and 
a knowledge of which may, in future, help us to exercise 
the same kind of control over the world of thought, as 
we already possess in respect of the material world ; 
whereas, the alternative, or spiritualistic, terminology iai 
utterly barren, and leads to nothing bat obscurity am" 
confusion of ideas. 

Thus there can be little doubt, tliat the further science' 
advances, the more extensively and consistently will all 
the phiBuomena of nature be represented by materialistic 
formuliB and symbols. 

But the man of science, who, forgetting the limits 
philosophical iaquiry, slides from these formulae am 
symbols into what is commonly understood by mate 
rialism, seems to me to place himself on a level wit] 
the mathematician, who should mistake the a:'s and y*! 
with which he works his problems, for real entities — ano 
with this further disadvantage, as compared with tht 
mathematician, that the bluudera of the latter are oi 
no practical consequence, while the errors of systcmatiq, 
materialism may paralyse the energies and destroy thi ' 
beauty of a life. 
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VIII 

m SCIENTIFIC ASPECTS OF TOSITIVISil. 

It is now some sixteen or seventeen years since I became 
acquainted with the " Pliilosophie Positive," the " Dia- 
cours sur I'EDsemble du Positiviame," and the " Politique 
Positive" of Aiiguste Comte. I was led to study these 
works partly by t)ie allusions to them in Mr. Mill'a 
" Logic," • partly by the recommendation of a dis- 
tinguished theologian, and partly by the urgency of a 
valued friend, the late Professor Ilcnfrey, who looked 
upon M, Comte 3 bulky volumes as a mine of wisdom, 
and lent them to me that I might dig and bo rich. 
After due perusal, 1 found myself in a position to echo 
my friend's words, though I may have laid more stress 
on the " mine" than on the " wisdom." For I found 
the veins of ore few and far between, and the rock so 
apt to run to mud, that one incurred the risk of being 
intellectually smothered in the working. Still, as I 
was glad to acknowledge, I did come to a nugget here 
and there ; though not, so far as my experience went, 
in the discussions on the philosophy of the physical 
sciences, but in the chapters on speculative and practical 
sociology. In those there was indeed mucb to arouse 
the liveliest interest in one whose boat had broken away 
from the old moorings, and who had been content" to 
lay out an anchor by the stem" until dayUght should 
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break and tlic fog clear. Nothing could be more inter- 1 
csting to a student of biology than to see the stuily | 
of tlie biological sciences laid down, as an essential part ] 
of the prolegomena of a new view of social phrenomona. J 
Nothing could be more satisfactory to a ■worshipper of \ 
the severe truthfulness of science than the attempt to J 
dispense with all beliefs, save such as could brave the J 
light, and seek, rather than fear, criticism ; while, to a. J 
lover of courage and outspokenness, nothing could bo I 
more touching than the placid announcement on the I 
title-page of the " Discours sur I'Ensemble du Pusiti- 1 
viame," that its author proposed I 

" I! (.'Organiser, Bana Dieu ni roi, I 

l^ur la cidta systdmatique du riluni^inili',' I 

the shattered frame of modern society. | 

In those days I knew my "Faust" pretty well, and, \ 

after reading this word of might, I was minded to I 

chant the w^ell-known stanzas of the " Geistcrchor" — J 

"Weh! ■Weh) ■ 

Die Bclione welt I 

Sie stiirat, sio sariallb I 

Wir tragcn I 

Die TrUiiimern ins NiL'hla biniibor. ■ 

Miitlilifier I 

Uer Erdensolina m 

Priiclitiser, I 

£auo aia 'wieder I 

lu deineui Kuaene baue sio nuf."* I 

Great, however, was my perplexity, not to say disap- J 
pointmcnt, as I followed the progress of this ".mighty I 
son of earth " in his work of recouatruction. Un- i 
doubtedly " Dieu" disappeared, but the " Nouvcau ] 
Grand-Etre Supreme," a gigantic fetish, turaed out bran- I 
new by SL Comtc'a own hands, reigned iu his stead. 
^ySoi" also was not heard of; but, in his place, I found 
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a mioutely-defincd social organization, wliich, if it ever 
caniG into practice, would exert a despotic autliority 
eueli as no sultan has rivalled, and no Puritan presbytery, 
in its palmiest days, could hope to excel. AVhile as for 
the "culte systematique de rHuraanitc," I, in my blind- 
ness, could not distinguish it from sheer Popery, with 
M. Comte in the chair of St. Peter, and the names of 
most of the saints changed. To quote "Faust" i'gaiu, 
I found myself saying with Grctehcn, — 



"Ungoftlir Ka^t das de- 
Kiir niilr eia biaclieu c 



Pfarrer audi 
111 ecu Woiteii.' 



nightly or ^Tongly, this was the impression which, all 
those years ago, the study of JW. Comte'a works left on 
my mind, combined with the conviction, which I ehall 
always be thankful to him for awakening in me, that 
the organization of society upon a new ■•md purely 
scientific basis is not only practicable, but is the only 
political object much worth fighting for. 

Aa I have said, that part of M. Comte's writing.^ 
which deals with the philosophy of physical science 
appeared to me to possess singulaily little value, and 
to show that he had but the most superficial, and merely 
Bceond-hand, knowledge of most branches of what is 
usually understood by science. I do not mean by thid 
merely to say that Comte was beliind our ]}rc8ent know- 
ledge, or that be was unacquainted wj.tb the dctaUa of 
the science of bis own day. !No one could justly make 
Buch defects cause of complabit in a phiiosophieal writer 
of the past generation. "What struck me ^v:ls hia want of 
apprehension of the great featm-es of science ; his strange 
misfaiJces as to the merits of bis scientific contemporaries ; 
and his ludicrously eri'oneous notions about the part which 
some of the' scientific doctrines current in his time were 
destined to play in the future. With these im^jrcssiona 
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in my niiiid, no one will be surprised if I acljnowledge 
that, for these sixteen years, it has been a periodicaJ 
source of irritation to me to find JI. Comte put forward 
its a representative of scientific thonght ; and to observe 
that writers whose pbilosr;phy" had its legitimate parent 
in Hume, or in themselves, were labelled "Comtists" or 
"Positivists" by public writers, even in spite of vehe- 
ment protests to the contritry. It has cost Mr. Mill 
liard i-ubbings to get that label off; and I watcb Mr. 
Spencer, as one regards a good man struggling with 
adversity, stiU engaged in eluding its adhesiveness, and 
ready to tear away skin and all, rather than let it aticki! 
Jly own turn might come nest ; and therefore, whco 
;iu eminent prelate the otlier day gave currency and' 
authority to the popular confusion, I took an oppop-. 
tuuity of incidentaJly revindicating Hume's property iiii 
the so-c:dlcd "New Philosophy," and, at the same timi 
of repudiating Comtism on my own behaJ£^ 
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* I »ni glad to observe that Mr. Conj^^ve, in tlie crltieism with which he 
has fiimured me in the number of the I'ortnigktty Seview for April 1863, does 
Doi venture tochallengethe justice of the claiml made for Uume. He merely 
GU^ests that I bure been wanting in candour in not mentioningComte'shign 
opinion of Umne. After mature reflection I am unable to discern my fiuut. 
If I had suggested that Comte bad borrowed from Hume without acknowledg- 
ment ; or if, instead of trying to cypress my own sense of Hume's merits wiui 
the modesty which becomes a writer who baa no autJiority in matters of philo- 
sophy, I bad afSrmcd that no one had properly appreciated him, Mr. Congrerc^a 
remarks would apply : bnt as I did neither of theiie tilings, they appear to 
me to be irrevelont, if not unjustifiable. And even hod it occurred to me to 
quote M. Comte's expressions about Hume, 1 do not know that I should have 
aited them, inasmuch as, on his own Ehowing, M. Comte occasionally speaks 
very decidedly touching writers of whose works he baa not read a line. Thus, J 
in Tome VI. of the "Philoaophie Positive," p, 610, M. Comte writes: "I* 1 
plus grand des mL^tapbysiciens modemcs, I'illuatre Kant, a nobleraent m<^itS 
nne Itemelle admiration en tontant, le premier, d'^chapper directement & 
I'absolu phi1o3ophi(]U6 par sa celiibre conception de la doublo n^alit^, & la 
foia objective et Bubjective, qui indique un si juste scutltuent de la saine 
philosopbie." 

But in the " Pn^'fare Personnelle'' in tbo same volume, p. SS, M, fnmte tella 
us; — "Jo n'ai jwaaialu, en aucuno langue, ni Vico, ni Kant, iii Ilurder, ci 
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The few lines devotee! to Comtism in my paper on the 
" Physical Ijasia of Life " were, in intention, strictly 
limited to these two purposes. But they seem to have 
given more umbrage than I intended they should, to the 
followers of M, Comte in thia country, for some of whom, 
let mo observe in passing. I entertain a moat unfeigned 
respect ; and Sir. Congreve'a recent article gives expres- 
sion to the displeasure which I have excited among the 
members of the Comtian body, 

Mr. Congreve, in a poi-oration ■which seems especiiilly 
intended to catch the attention of his readera, indig- 
nantly challenges me to admire M. Comte's life, "to 
deny that it has a marked character of gi'andeur about 
it ; and he uses some very strong language because I 
show no sign of veneration for bis idol. I confess I do 
not care to occupy myself with the denigration of a man 
who, on the whole, deserves to be spoken of with i-cspect. 
Therefore, I shall enter into no statement of the reasons 
which lead me unhesitatingly to accept llr. Congreve'a 
challenge, and to refuse to recognise anything which de- 
serves the name of grandeur of character in JL Comte, 
unless it be his arrogance, which is undoubtedly sublime. 
All I have to observe is, that if Mr. Congreve is justified 
in saying that I speak with a tinge of contempt for his 
spiritual father, the reason for such colouring of my 
language is to be found in the fact, that, when I wrote, 
I had but just arisen from the perusal of a work with 
which he is doubtless well acquainted, M. Litti'c's 
"Augusta Comte et la Philosophie Positive." 

Though there are tolerably fiscd standards of right 
and wrong, and even of generosity and meanness, it 
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Hegel, &c ; Jo ne cmmais Icura dwera ourmgcs que d'nprfea quclqnes rdationa 
iodirectes et ccrtaiiis extniita fort insuSisautB." 

Who knows but that iJie " &«." may include Eume ? Aud in tiiat caa« 
vLit 13 the TaJue of M. Comte's pmleo of him ) 
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may be said that the beauty, or grandeur, of a life is^ 
more or loss a matter of taste ; and Mr. Congreve's 
Tiotions of literary excellence are so difiereiit from mine 
that, it may be, wo should diverge as widely in our 
judgment of moral beauty or ugliness. Therefore, while 
retaining my own notions, I do not presume to quarrel j 
with his. But when BIr. Congreve devotes a great deal 
of laboriously guarded insinuation to the endeavour to 
lead the public to believe that I have been guilty of the 
dishonesty of having criticised Comte without having 
read him, I must be permitted to remind Lim that .he 
iias neglected the well-known maxim of a diplomatic 
sage, "If you want to damage a man, you should say 
what is probable, as well as what is true." j 

And when Mr. Congreve speaks of my having an ad^ 
vautagc over him in my introduction of "Christianity'^ 
into the phrase that "M. Comte's philosophy, in j^raotice^ 
might be described as Catholicism minus Christianity;*^ 
intending thereby to suggest that I have, by so doing,fl 
desired to profit by an appeal to the odium theologicumM 
—he lays himself open to a very unpleasant retort m 

AVhat if I were to suggest that Mr. Congreve had noM 
ivad Comte's works ; and that the phrase "the contestw 
ahows that the view of the writer ranges — howeverJ 
superficially — over the whole works. This is obvioiwj 
from the mention of Catholicism," demonstrates thaM 
Mr. Congreve has no acquaintance with the "PhilosophiM 
Positive"! I think the suggestion would be very imjust* 
and unmannerly, and I shall not make it. But the facM 
remains, that this little epigram of mine, which has sol 
[greatly provoked Mr. Congreve, is neither more nor leaffl 
ihan a condensed paraphrase of the following passage 
which is to be found at page 344 of tiro fifth volume oil 
the "Fhilosophie Positive :"* — I 

' Ko* and alwjijs I quote tLo scL^oiid edilioQ, 1iJ I.iLlri. I 



TUE SOIENTIFIO ASPECTS OF POSITIFISM. 

^Xa seule solution possiLle de co grand probl^me liifitorique, qni n'a 
jainaia pu ette pliiloaopLiqnflment pose jusqu'ici, consiste b, cDticeroir, 
en Bens radlcalement inverse dea notions Labituellea, qas ee qui iieenit 
nicetsaireinent perir ainsi, dans le eatlioUeiime, <^elait la doctrirtf, ft not 
Porganiealion, qui n'a ctd pos^agerement ruin^e que par suite de eon 
inevitable adhdrenco dldraentaira a la philosopLie tlicologiqae, destint-e 
k Buccomber gtaduellement sous I'iirdsistible draancipaton de la raiaon 
JminainB ; iandU qu\7ie telle eonsCiivtioTt, eonvenabtemenl recanstruiU 
iw ilea bcses intdlfcluelles it la fois plus ifendiut et plus stahleg, devra 
finaleme9it prisider d. Vindvipfnsatde rSoi'ganuaticm spirituelle det 
soeiiles Tuodemes, fiii/ Its diff&tnees esseniitllei spontaniToait eorre- 
tjxmdaTitei a VextrCne diversity des doctrines fondamenlalts ; il moins 
ds BUpposer, ce qui serait certainemcnt contradictoire h I'ensemble des 
■ loia de notre nature, que lea immensea efforts da taut de p-ands 
horamcs, Becondda par la peraevtrante sollicituda des nations civiliseea, 
iana ]a fondatiou adculaire de ce chef-d'ojuvre politique de la Bagesse 
liumaine, doivent 6tre enfia iirevocablemcnt perdus pour I'dlita da 
rhumanitd sauf ks ruaultata, eapitaux roaia provisoirea, qui a'y rap- 
portaient imnieUiatemeut. Cette explication geniSrale, diiji dvidera- 
nent motivde par la suite dca cousiddrationa propcea k ce chapitre, 
sera de plus en plus confirmee par tout le reato de notre operation 
IiistoriquB, dont tile consiituira sponlanimeiit la principale eondiuioa 
jHilitiq'ue." 

Nothing cfin be clearer. Comte's ideal, aa stilted by 
himself, is Catholic organization without Catholic doc-- 
trine, or, in other -words, Catholicism minus Christianity.' 
Surely it is utterly unjustifiable to ascribe to me base 
motives for stating a man's doctrines, as nearly as mny 
be, in his own words ! 

My readers would hardly be interested were I to follow 
Mr, Congreve any fiuther, or I might point out that the 
fact of his not having heard me lecture is hardly a safe 
ground for his speculations as to what I do not teach. 
Kor do I feel called upon to give any opinion as to 
M. Comtc'a merits or demerits aa regards sociology. 
Ml-. Jlill (whose eompetenee to speak on these matters 
I suppoce Will not be questioned, even by Mr, Congreve) 
has dealt with M. Comte's philosophy from this point of 
;ith a vigour and authurilv to which I cauuot fui 
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a moment aspire ; and -with a severity, not unfrcquently 
amounting to contempt, which I have not the wish, if I 
had the power, to surjiass. I, as a mere student in these 
questions, am content to abide by Mr. Mill's judgment 
until some one shows cause for its reversal, and I decline 
to enter into a discussion which I have not provoked 

The sole obligation which lies upon me is to justify ao 
much as still remains without justification of what I 
have written respecting Positivism — namely, the opinion 
expressed iu the following paragraph : — 

" In eo far as my BtaiJy of what specially chamcfciisGB tlie Positive 
Pliilosopliy has led me, I find therein lilLlo or uothing of any stienlilic 
value, and a grpat deal which is a? thar<]U<;li[y antngonisUc to the very 
essence of science aa anything in ul tramontane Catholicism.'' '' 

Uere are two propositions: the first, that the "Phi- J 
losophie Positive " contiuns little or notliing of any;* 
scientific value ; the second, that Comtism is, in apirit,;a 
anti-scientific. I shall endeavour to bring forward ampl<tB 
evidence in support of both. m 

I. No one who possesses even a superficial acquainl^^ 
ance with physical science can read Comte's "Lefona" 
without becoming aware that he was at once singularly J 
devoid of real knowledge on these subjects, and singui-r 
larly unlucky. What is to be thought of the contcni-[ 
porary of Young and of Fresnel, who never misses" 
an opportunity of casting scorn upon the hypothesis 
of an ether— the fundamental basis not only of the 
undulatory theory of light, but of so much else in 
modern pliysics — and whose contempt for the intellects 
of some of the strongest men of bis generation was such, 
that he puts forward the mere existence of night as a 
refutation of the undulatory theory?^ What a won- 
derful gauge of his own value as a scientific critic does 
he afibrd, by whom we are informed that phrenology is 

* "Pliiloaopliie Positive," ii p. 440. 
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was one of the gi'cat men 
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cliiratera ; tliat Gal! 
age, and that Cuvici 
was " briiliaut but superficial " ! ^ How unlucky must 
oue consider the bold speculator who, just bcforo tin 
dawn of modem histology — which is simply the appli- 
cation of the microscope to anatomy — reproves what ho 
calls "the abuse of microscopic investigations," and "the 
exaggerated credit" attached to them ; who, when the 
morphological uniformity of the tissues of the great 
majority of plants and animals was on the eve of being 
demonstrated, treated with ridicula those who attempt 
to refer all tissues to a "tissu gentSrateur," formed by 
"le chimcriquo et inintelligible assemblage dune sortc 
de monades organiques, qui scraient d&s lors les vrai^^ 
Elements primordiaux de tout corps vivant;"^ and who 
finally tells us, that all the objections against a linear 
arrangement of the species of living beings are in their 
foolish, and that the order of the animal series is 
■ily linear," ' when the exact conti'ary is one ol' 
the best established and the most important truths of 
zoology. Appeal to mathematicians, astronomers, physi 1 
cists,* chemists, biologists, about the "Philosophie Posi- I 
tive," and they all, with one consent, begin to make ' 
protestation that, whatever M. Comte's other merits, ho 
has shed no light upon the philosophy of their particular • 
studies. 

To be just, however, it must bo admitted that even 
M. Comte's moat ardent disciples are content to bo 
judiciously silent about his knowledge or appreciation of 

» "Le brielatit Tcmt anpcrficiol Cuvior." — ThXloaopKie Fosifiv, -n. p. 3E3. 

i " Philosophio Positive," iii p. ZVJ. ' Ibid- p. 387. 

Hear the late Dr. Whewell, who calls Corato "a sLiUow pretender," bo 

'aa all iJio modem sciences, except astronomy, are concerned, and tells us 
fcr "hia pretensions to discoveries are, iis Sir John Ileracliel has shown, 
tlmtidly fiHicuitu." — "Conita and Fositivi^ou" MaeMillau'i Magaaiti*, 
bTisii h I8U6. 
Muro 
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tlie sciences themselves, and prefer to base their master's 
claims to scientific autliority upon his "law of the 
three states," and his " classification of the sciences." 
But here, also, I must join issue with them as completely 
as others — notably Mr. Herbert Spencer — ha^'o done 
before me. A critical examination of what II. Comtu 
has to say about the "law of the throe states" brings out 
nothing but a series of more or less contradictory state- 
ments of an imperfectly apprehended truth ; and hia " clas- 
sification of the sciences," whether regarded historically 
or logically, is, in my judgment, absolutely worthless. 

Let us consider the law of "tlie three states" aa it 
is put before us in the opening of the first Lejon of 
the " Philosophic Positive : " — 

" En itiidiant ainsl 1b duveloppement total ile I'lntelligercB lininaino 
dans SC3 diverses spheres d'activit6, ilepuia boh premier essur le plus 
Bimple jiisqu'i noa joura, je croia avoir diicouvett une grando loi 
fondaiQciitale, k loquelle il est cusstijetti par una ndcessitc iuvurinble, et 
qui ma sernble pouvoir £tre solideoient litaLlie, soil Bur lea preuvea 
ratioQGllca fournies par la cnimaissance da notro organisation, soit euc 
les vtrificaLiona liiatoriques resultant d'un examen attentif du pasaS. 
Cetts loi consiste en ce quo chacune de hob canceptions principals^ 
cliaquB brancho de nos eoimaiasances, passe Buccessivement par troia 
^tftts tMoiiques dillerents; I'ctat tlieologique, ou fictif j PiStat niita- 
phjsique, ou abaLrait j I'etat acientifique, ou positL£ Eti d'autrea 
, tennea, I'esprit humain, par sa nature, emploie Gucccasivement dans 
chaoune do sea recherohcs trois mtthodea de philoaopber, dont is 
caradere est resenliellement diffirent et mime raduialement oppos^ ; 
d'fltord la methoda th^ologique, ensnito la methode mitaphysique, et 
onRn la mi^thode positiva De lii, troia Bortea de pliilosophie, ou de 
Byalfemea gent^raus de conceptions anr renBemblo dea pli^nomftnca qui 
s.'excluent mutadtemmt ; la premiere eat le point de dil^part niiceasalre iln 
I'intelligence liumaine ; latroisienie, son iStat fixeet dcfiuitif ; laaecnndfl 
est uniquemont destiinJe k servir de transition." *■ 

Nothing can be more precise than these statements, 

which may be put into the following propositions : — 

(a) 'I'he human intellect is subjected to the law by 

' "Pliilosopliio Positive," i. pp. 8, 9, 
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an invariable neecasity, 17111011 is tiemonstrable, d. priori, 
from the nature and constitution of the intellect; 
while, as a matter of historical fact, the human in- 
tellect has been subjected to the law. 

(6) Eveiy branch of human knowledge passes through 
the three states, necessarily beginning with the fii'st. 
stage. 

(c) The three states mutually exclude one another, 
being essentially different, and even radically opposed. 

Two questions present themselves. Is M. Comte 
consistent with himself in making these assertions ? 
And is he consistent with fact? I reply to both 
questions in the negative ; and, as regards the first, 
I bring forward as my witness a remarkable passage 
which 13 to be found in the fourth volume of the 
"Philosophie Positive" (p. 491), when M. Comte had 
had time to think out, a little more fully, the notions 
crudely stated in the first volume ; — 

" A proprement parler, la philosophie tli^ologique, mSme dans notre 
premiire enfance, individuelle ou sociale, n'a jamais pu etre rigoureuse- 
ment vniverselle, c'est-^-dire que, pour lea ordiea quelconqites de 
ph^nomtnfis, lea faiU leg plm simples ft les plug eomniiim ont iovjours 
el$ rrgardh eomme tasentiellentent assvj'ellis h dea lots naturellei, au lieu 
d'etre attriliTifs a VarbitTaire volonie dea agents nimatwrels. L'illuBtre 
Attftm Smitlx a, par exemple, tres-heureuaenient reraarqiid dans ebb 
essais philosophiqucs, qu'on no trouvait, en aucun tempa ni en oncun 
pajB, un dicu pour la poaauteur, II m est ainn, en genSral, mBme d 
Ciffard des mjeU les pita compliques, aivera tovs lea pli&iomBnes ana 
Slemeniairea et assei familiera pour que la parfaite invariahilitl d« 
Uurs relations effectives ait loujours dd f}-apper tponlanSmenl Cobser- 
vatevr le mains prlpare. Dana I'orilro moral et social, qu'une vaiiie 
oppoaition vondrait aujourd'hui Bystematiquemont interdire a la plii- 
loaopliio positive, il y a eu nccpsaairement, en tout temps, la pensec 
lies loia naturelles, relativement aiix jiliia aimptea phdnoin^iics de ].i 
Tie jonrnalifcro, comma IWigo dvideranjent la conduite (;^n^rale de 
notie existence niello, indiyiduello ou aoi^iale, qui n'aurait pu janittia 
comporter aucune prcvoyance quclconquo, si toua lea ph^nomenea 
hiiQiaina avaient eto rigourousement attribuus k des agents suinaturel.'^ 
puiequo dha lore la pri^re auroit logiquemeut constitue la seule 
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loOTce imagiiiablo poor influcr eat le coura habituol des actioi 
liumftiiiea. On doit mime remarquer, i ce mjH, que c'eat, a» eontrain 
Ciiiaudie tponiance det premUrei toU naCurdles propres a 
viduels oil eodaax qui, Jtctivement transportee d tout la pJtinominet e 
motuieexteruitr,ad'aboi^fourKi,d^a^rhtioge*plicatioju}irieedmle»,lg-~\ 
vraiprweipe fondamattaldelap/iiloiophiet/iioloffiqve. Aitui, le grrme 
glenuntaire de la philosopkie positive est certainemeJU lout aiuti primitlf 
au fond j«e celui de la pldlosop/iie theo/ofjique eUe-mdne, qiuii qu'U n'ait 
pu M deeelopper que beaticoup plus tard. Une telle notion importo 
extrSmemeiit Ji la piufaite rationality de notre th^orio Bociologique, puia- 
qno la vie Immaiue ne pouTont jamais offrii aucune veritable cnktion 
quelconque, maia toujoura une aimple Evolution graduelle, resaur final 
de I'eBpTib positif devioudrait sciontifiquement incomprehensible, eij 
d^ Vorigiiie, on n'en concevait, k tous ^gards, loa premierB rudimenbH 
n^cessaireB. Depuia cette eituatton primitive, ^ mosure que noa 
obaervationa ee Boat Bpontanemeiit 4teudues et gi^'Q^ralisees, cet essor, 
d'abord Jk peine appreciable, a conatammeiit Btiivi, sans cosaer loDg- 
tempa d'etre BUbaltemo, une progression tres-leiite, mais continue, la 
philoBophie tbiiologique reatant tonjours rdserviSe pour lea phi;nom^ae8, 
de moius en moins nombreu?;, doat lea lois naturcllcs ne pouraient 
encore etre aucunement & 



Compare the propofiitions implicitly laid down here 
with those contained in the earlier volume, (a) Aa 
a matter of fact, the human intellect has not 
inYariably subjected to the law of the three state 
and therefore the necessity of the Jaw cannot 
demonstrable d priori. {/>) Much of our knowledj 
of all kinds has not passed through the threes' 
and more particularly, as M. Comte is careful to i 
out, not through the fii-st. (c) The positive state J 
more or less co-existed with tie theological, from 1 
dawn of human intelligence. And, by way of coi 
plctiug the series of contradictions, the assertion thi 
the three states are " essentially different and ev^ 
radically opposed," is met a little lower on the sata' 
page by the declaration that " the metaphysical stan 
is, at bottom, nothicg hut a simple general modificatira 
of the first ;" while, in the fortieth Lceon, as also in tl^ 
interesting e.Ti'ly essay entitled "Considerations phild 
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sophiqucs sur les Scicncea et lea Savanta (1825)," tlie 
three states are practically reduced to two. " Le veri- 
table esprit general de touto pbilosopliic tbeologique 
ou m^taphysique consiste 4 prendire pour principe, dana 
I'cxplication dca pli&om^ncs du monde cxt(5rieur, notre 
sentiment iramddiat des phenom^nes bumaines ; tandis 
que au coiitraire, la pbilosopliic positive est toujoura 
caract^risee, non moins profondement, par la subordina- 
tion ndcessaire et nitiouncUe de la conception de rbomme 
iL celle du monde." * 

I leave M. Comte's disciples to settle which of these 
contradictory statements expresses their master's real 
meaning. All I beg leave to remark is, that men of 
science are not in the habit of paying much attention 
to " laws " stated in this fashion. 

The second statement is undoubtedly fiEr more rational 
and consistent with fact than the first ; but I cannot 
thii^ it ia a just or adequate account of the growth 
of intelligence,' citbcr in the individual man, or in the 
human species. Any one who will carefidly watch the 
development of the inteUeet of a child will perceive 
that, from the fh-st, its mind is mirroring nature in two 
different ways. On the one hand, it is merely drinking 
in sensations and budding up associations, while it forms 
conceptions of things and their relations which are more 
thoroughly " positive," or devoid of entanglement witli 
hypotheses of any kind, than they will ever be in after- 
life. No child has recourse to imaginary personifications 
in order to account for tlie ordinary properties of objects 
which are not ahvc, or do not represent living things. It 
does not imagine that the taste of sugar is brought about 
by a god of sweetness, or that a spirit of jumping causes 
a ball to bound. ■ Such phasnomena, which form the basis 
ry large part of its ideas, are taken as matters 

' " Philo&opliie riisltlve," iii. p 163, 
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of courae-^as ultimate facta wliich sug^rfost no diffidu] 
and need no explanation . So far as all these common, 
thougli importaut, pliisnomena are concerned, the child's 
mind is in what M. Comte would call the "positive" 
state. 

But, side by side with this mental condition, there rises 
another. The child becomes aware of itself as a source 
of action and a subject of passion and of thought Tho 
acts which follow upon its own desires are among th'e 
most interesting and prominent of surrounding occur- 
rences ; and these acts, again, plainly arise either out of 
affections caused by surrounding things or of other 
changes in itself Among these surrounding things, the 
most interesting and important are mother and father, 
brethren and nui-ses. The hypothesis tha.t these won- 
derful creatures are of like nature to itself is speedily 
forced upon the child's mind ; and this primitive piece 
of anthropomorphism turns out to be a highly 8uec(;,s3fal 
speculation, which finds its justification at every tiira, 
No wonder, then, that it is extended to other simil;irly 
interesting objects which arc not too unlike these — to 
the dog, the cat, and the canaiy, the doU, the toy, and 
the picture-book — that these are endowed with wills and 
affections, and with capacities for being " good " and 
" naughty." But surely it would be a mere perversion of 
language to call this a " theological " state of mind, either 
in the proper sense of the word " theological," or as con- 
trasted with " scientific " or " positive." The child doea 
not worship either father or mother, dog or dolL On 
the coutraiy, nothing is more curious than the absolute 
irreverence, if I may so say, of a kindly-treated young 
its tendency to believe in itself as the centre 
P the universe, and its disposition to exorcise despotic 
TiQjmj over those who could crush it with a finger. 
Still less is there anji-hing unscientific, or auti-scientiQt^ 
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in tMs infantile anthropomorphism. The child ohservca 
that many pha?nomcna are the consequences of affections 
of itself; it soon lias excellent reasons for the belief 
that many other phrenomcna are consequences of the 
affections of other beings, more or less lite itself. And 
having thus good evidence for believing that many of 
the most interesting occurrences about it are explicable 
on the hypothesis that they are the work of intelligencca 
like itself — having discovered a vera cavsa for many 
phaanomena — why should the child limit the apphcation 
of so fruitful an hypothesis ? The dog has a sort of 
intelligence, so as the cat ; why should not the doll 
and the pieturc-hook also have a share, proportioned . 
to their likeness to intelligent things ? 

The only limit which docs arise 13 exactly that wliich, 
as a matter of science, should arise ; that is to say, the 
anthropomorphic interpretation is applied only to those 
phEenomena which, in their general nature, or their 
apparent caprieiousDess, resemble those which the child 
observes to be caused by itself, or by beings like itself. 
All the rest are regarded as things which explain them- 
selves, or are inexplicable. 

It is only at a later stage of intellectual development 
that the intelligence of man awakes to the apparent 
conflict between the anthropomorphic, and what I may 
call the physical,-^ aspect of nature, and cither endeavours- 
to extend the anthropomorphic view over the whole of 
nature — which is the tendency of theology ; or to give 
the same exclusive predominance to the physical view— 

' Tho ■word "positive" is in. every mtij objectionnble. In one sense it 
eiiggeata that mental C[unlity whicli was unduubtedly largely developed in 
M, Cointe, but con best be dispensed witb in a pliilosopher ; in another, it is 
unibrtunato in its application to a system whicn starU with enoTmoas nega- 
tions ; in its third, nnd epecinlly philosophical sense, f I iniplyinj; a systeni of 
thoaght which ussumcs notlmig beyond the content of aluoived facts, i| 
^pliea that which never did exist, and never will. 
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which is the tendency of science ; or adopts a midd 
course, and taking from the anthropomorphic view ia 
tendency to personify, and from the physical view f 
tendency to exclude volition and att'cction, ends in ybfl 
M. Comte calls tho " metaphysical " state — " metaphjl 
fiical," in M, Comte's writings, being a general term \ 
abuse for KDythiog be does not lika 

What ia true of the individual is, mtttatis mutaru 
trufl of the inleUeetual development of the spcciea 
k absurd to siiy of men in a state of primitive sava 
that all their conceptions are ia a theological 
Nine-tenths of them are eminently realistic, and 
"positive" as ignorance and narrowness can make tbei 
it no more occurs to a savage than it does to a ebii 
to ask the why of the daily and ordinary occurrend^ 
which fonn the greater part of his mental life. ' 
in regard to the more striking, or out-of-the-way, evenjl 
which force him to speculate, he is highly anthi 
morphic ; and, as compared with a child, his antbrodJ 
morphism is complicated by the intense improssia 
which the death of bia own kind makes upon ." ' 
as indeed it well may. The warrior, full of feroeioi 
energy, perhaps the despotic chief of his tribe, 
suddenly struck down. A child mny insult the i 
a moment before so awful ; a ily rests, undisturbed, 
the bps from which undisputed command issued, 
yet the bodily aspect of tho man seems hardly mc^ 
altered than when he slept, and, sleeping, seemed ' 
himself to leave his body and wander through c 
land. What then If that something, which is the e 
of tho man, has really been made to wander by 1 
raolence done to it^ aind- is unable, or has forgotti 

^ come back to its shell ? Will it not retain eom 
tat of the powers it possessed during Hfe? "I 

•■ not help us if it be pleased, or (as seems to 
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hy far the more general impression) hurt us if it be 
angered 1 Will it not be ■well to do towards it those 
tlmigs which would ha^re soothed the man and put 
him in good humour during his life? It is impossible 
to study trustworthy accounts of savage thought with- 
out seeing that some such train of ideas as this lies at 
the bottom of their epeculative beliefs. 

There are savages without God, in any proper sense 
of the word, but none without ghosts, And the Fetish- 
ism, Ancestor-worship, Hero-worship, and Demonology 
of primitive savages, are all, I believe, different manners 
of expression of their belief in ghosts, and of the 
anthropomorphic interpretation of out-of-the-way events, 
which is its concomitant. "Witchcraft and sorcery arc 
the practical expressions of these beliefs ; and they 
stand in the same relation to religious worship aa the 
simple anthropomorphism of children, or savages, does 
to theology. 

In the progress of the species from savagery to 
advanced civilization, anthropomorphism grows into 
theology, while phj'sicism (if I may so call it) develops 
into science ; but the development of the two is con- 
temporaneous, not successive. For each, there long 
exists an assiured province which is not invaded by 
the other ; whUe, between the two, lies a debateable land, 
ruled by a sort of bastards, who owe their complexion 
to physicism and their substance to anthi'opomorphism, 
and are JI. Comte's particular aversions — metaphysical 
entities. 

But, as the ages lengthen, the borders of Physicism I 
increase. The territories of the bastards are all annexed \ 
to Bcicnce ; and even Theology, in her purer forms,^ J 
has ceased to be anthropomorphic, however she may J 
talk. Anthropomorphism has taken stand in its last 
fortress — man himselC But science closely invests the ' 
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walls ; and I'biloaophcra gird themselves for battlftl 
iijiou the last and greatest of all speculative problems- 
Dues human nature possess auy free, volitional, or txtd}; 
anthropomorphic element, or is it only the cuoningesl' 
of all Nature's clocks? Some, among whom I count 
myselC think that the battle will for ever remain a 
drawn one, and that, for all practical purposes, this result 
is as good as anthropomorphism wimiing the day. j 

The classification of the sciences, which, in the eyera 
of M. Comte'a adherents, constitutes his second grealn 
claim to the dignity of a scientific philosopher, appcarM 
to me to be open to just the same objections as thM 
law of the three states. It is inconsistent in itself, tcaSm 
it is inconsistent with fact. Let ns consider the ma^fl 
points of this classification successively : — ■ 

" II faut distin^er par lapport k tons ka ordrca dea pli^iioni^eMfl 
doux genres de sciences nAturetles ; ba unes abstraites, gi^m/rates, oniM 
fMur objdt la ducuuvcrte des lois qui rcgissenb les divenea oliiaseB d« 
pljunorD&nes, ea'Coasiderant toua Igs caa qu'oii peut cuncevDir; 1(49 
autrea oonciitos, particuli^res, dei!criptives, et qu'on d^sigue qiia1i|viof<n^| 
soUB le Dom dea scieoces nnlurelles propi'enieiit dites, cmisisteiit dan^J 
I'application da cea loia 4 I'litstoire eiTecLive dca dilliireuts FlrniM 
exiatautiS." ^ fl 

The "abstract* sciences are subsequently said to be'l 
mathematics, astronomy, physics, chemistry, physiology, I 
and social physics — the titles of the two latter bciijgJ 
subsequently changed to biology and sociology. ^£A 
Comte exemplifies the distinction between hia abstrac« 
and his concrete sciences as follows : — fl 

" On pourm d'ubord I'.-ipercevoir trfca-neltement en comparant, d'on^f 
part, la phyaiologia gi^n^'rale, et d'uiie autre part la Euologie et bfl 
botauiquG proprement ditea. Ce eont ^videininent, en efl'et^ deiuJ 
tnivaux d'tm carncl&re foit distinct, qae d'^tudier, en gdncral, lea li^H 
da la vie, ou de determiner le mode d'existeoue de chaque corps Tivati ifiW 
ea particulier, Cette secoode itude, en outre, est necessairemaat Jom^m 
tar la p7-£!iiiire." — P. 57. jl 

* " Philoisophie Poi^itiTe," t p. 53 H 
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All the unreality and mere bookislmesa of M. Comte's 
knowledge of physical science comes out in the passago i 
I have italicised. " The special study of Hviug beings 
ia based upon a. general study of the laws of liiel" 
What little I know about the matter leads me to think 
that, if M. Corate had possessed the slightest practical 
acquaintance ■with biological s'cicncc, he would have 
turned his phraseologj' upside down, and have perceived 
that we can have no knowledge of the general lawa 
of life, except that which ia based upon the study of 
particular li^dng beings. 

The illustration is surely unluckily chosen ; but the ! 
language in which these so-called abstract sciences are 1 
defined seems to mo to be still more open to criticism. 
With what propriety can astronomy, or physics, or 
chemistry, or biology, be said to occupy themselves 
with the consideration of "all conceivable cases" which 
fall within their respective provinces ? Does the as- 
tronomer occupy himself with any other system of the 
universe than that which is visible to him ? Does he 
specidatc upon the possible movements of bodies which 
may attract one another in the inverse proportion of the 
cube of their distances, sayl Does biology, whether 
"abstract" or "concrete," orxupy itself with any other , 
form of life than those which exist, or have existed ? j 
And, if the abstract sciences embrace all conceivable J 
cases of the operation of the laws with which they 1 
are concerned, would not they, necessarily, embrace the'j 
subjects of the concrete sciences, which, inasmuch aB I 
tbey exist, must needs be conceivable ? In luct, no such I 
distinction as that which M. Comte draws is tenable, J 
The first stage of his clasfiScatioa breaks by its owu 
weight. 

But grantuig JI. Comtc his six abstract sciences, ha 
proceeds to ai'rauge them according to what he calla 
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their natuml order or HiGrarcliy, tli'ir places in thjj 
hierarcLy bcia'j determined by the degree of gencrali^ 
niid simplicity of the conccptioua witli which the; 
dcaL llatliematics occupies the first, astronomy tha 
second, physica the third, chemistry thtj fourth, bioloj*; 
the fifth, and sociology the sixth and lai5t place in 1 ' 
series. M. Comte'a arguments in favour of this cla 
fication arc" first — 

" Sa conformity essBntiille avec la co-orilmntion, en qnoTq-na son 
Bpontanep, qui so trouva ea effot impliuiteraent admisu par lea savai 
liviiia h, Tutado Jea diverse branches da la pliilosopliie naturello," 

But I absolutely deny the existence of this confonniig, 
If there is one thing clear about the progi'GSS of modetf 
science, it ia the tendency to reduce all scientiff 
problems, except those which are purely mathcmaticij 
to questions of molecular physics — that is to say, 
the attractions, repulsions, motions, and co-ordinatica 
of the ultimate particles of matter. Social phfenomeia 
are the result of the inreraction of the components i 
Bociety, or men, with one another and the surroundiu 
universe. But, in the language of physical sciena 
which, by the nature of the case, is mateiialistie, ti^ 
actions of men, bo far iis they are recognisable 
Ecience, are the results of molecular changes in tlu 
ma-tcr of which they are composed ; and, in the loib 
nm, these must come into the bands of the phyeicia 
A fortiori, the phrenomena of biology and of chemistig 
arc, in their ultimate analysis, questions of molecula 
physics, i Indeed, the fact is acknowledged by 
chemists and biologists who look beyond their immq 
diate occupations. And it is to be observed, that tH 
phEenometia of biology are as directly and immediately com 
nected with molecular physics as arc those of chemisfir^ 
"""tolar physics, chemistry, and biology are not thj 
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successive stops in the ladder of knowledge, as M, 
Comte would have us believe, Lut three branches 
springing ft-om the common stem of molecular phyaica. < 

As to astronomy, I am at a loss to understand how 
any one who will give a moment's attention to the , 
nature of the science can fail to see that it consists of 
two parts : first, of a description of the phenomena, j 
which is as much entitled as descriptive zoology, or 
botany, is, to the name of natural history ; and, secondly, 
of an explanation of the pliEenomena, furnished by the j 
laws of a force — gravitation — the study of which is as J 
much a part of physics, as is that of heat, or electricity. I 
It would be just as reasonable to make the study of J 
the heat of the sun a science preliminary to the restJ 
of thcrmotics, as to place the study of the attraction ofiB 
the bodies, which compose the universe in general, ■ 
before that of the particular terrestrial bodies, which 1 
alone we can experimentally know. Astronomy, in fact, i 
owes its perfection to the circumstance that it is the 
only branch of natural history, the phEcnoraena of which 
are largely expressible by mathematical conceptions, , 
and which can be, to a great extent, explained by the 
application of very simple physical laws. 

With regard to mathematics, it is to Le observed, in 1 
the first place, that M, Comte mixes up under tliat ] 
head the pure relations of space and of quantity, which I 
are properiy included imdcr the name, with rational 
mechanics and statics, which are mathematical deve- 
lopments of the most general conceptions of physics,* 
namely, the notions of force and of motion. Kelegating 
these to their proper place in physics, we have left pure 
mathematics, which can stand neither at the hcad» nor 
at the tail, of any hierarchy of the sciences, since, like 
logic, it is equally related to all ; though the enormous 
practical difiiculty of wpplyiug niathcniatics to tlie more 
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complex phajDomcna of nature removes them, for 1 
preseut, out of ita sphere. 

On this subject of mathematics, again, M. Comti 
iodulgcs in assertions which can only be accounted f« 
by liis total ignorance of physical science p^uctiea^y;■ 
jVs for Gxampk- : — 

" C'est done par lutude dea mallieinatiqTiPB, rl trulemntt par tJh^ 
que Ton peut so fairo nne idee juste et npprofondio do ue que c'est 
iiu'une acifture. C'est 0. itniquement qn'oa doit cherclier k conndlre 
aveo precision la milliode ffenerale gue Cesprit humain emploie conUam- 
ment dans ttmUi ses rtchercket positives, parce quo nulla part ailleura . 
lea qnestione ne Bont r^solaea q'une mani^re aussi complete et leaJ 
dddnctiona prolong^es aussi loin avec one si^Tdrito rigooreuse. C'eald 
\h dgalement que notre en ten dement a doan& les plua grandes prenye^B 
de Bn force, parce que lea idces qu'il y con3id6re eont du plus IiaajM 
Jogri d'abslraclion poesiljle dans Tyrdra posilif. Toute edueatio^M 
tm^iilifigM qui we commence point par unt telle elude pecke done tiscmS 
aatraiimt 2Jor ta base." * H 

That is to say, the only study which can confer "a jusn 

and comprehensive idea of what is meant by science.'^ 

and, at the same time, furnish an exact conception (^9 

the general method of scientific investigation, is than 

■\vhich knows nothing of observation, nothing of erpetl^ 

nient, nothing of induction, nothing of causation! Aisfl 

education, the whole secret of which consists in proceo^B 

ing from the easy to the difficult, the concrete to ti^| 

abstract, ought to be turned the other way, and paaj 

Irom the abstract to the concrete. ^B 

JVI. Comte puts a sscond argument in favour of hSB 

^hierarchy of tlie sciences thns :— J| 

^tg. "^ , ^'^cond caractire trcs-essentiel de notro classification, c'e^f 

'» pi,ii"'''^^^^''''^™'2iit conformu b. I'ordre elfectif da dtffeloppemont ^^ 

l'l>iB*„-'*^T^'^ naturelle. C'est c« que vctiTie tout ce qu'on Boit dH 

^'°i^ des 6c:enceB."« ; - 1 

(Jeinoji f5^" ^P'^'icer has so thoroughly and completelya 

strated the absence of any eorrespondonce betwecaB 

^M ■^'lilosDpliie PosUJTe," i p. 00. » Ibid., i. p. 77. M 
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the historical development of the sciencca, and theil J 
position in the Comtcan hierarchy, in his essay on thaJ 
"Genesis of SciencOj" that I shall not waste time in."j 
repeating his refutation, 

A thiid proposition in support of the Comtoan classir I 
fication of the sciences stands as follows; — 

"En troiaiume lieu cetta classification prOsenle la propridl^ ttfea-^I 
reinanjEable de marquer exactement ]a petfection relative dea diifii-^ 
rentes Eciencea, loquellQ conaiste essenticllGment duns 1b degre Agm 
prikiision dea connuissaiicca et daiie leur co-urdiualiuu plua oi 
iiitimo." ^ 

I am quite unable to understand the distinction which 
M. Comte endeavours to draw in this passage in spite 
of his amplifications further on. Every science must 
consist of precise knowledge, and that knowledge must 1 
bo co-ordinated into genei-al proportions, or it ia not 1 
science. When il. ComtCj in exemplification of tha. \ 
Btatemcnt I have cited, says that "lea ph«nom^nesl 
organiques ne comportcnt qu'une ^tude h. la fois moins.J 
exacte ct moins systematirLue que les phenomfenes desl 
corps bruts," I am at a loss to comprehend what he I 
means. If I afiirm that "when a motor nerve is irri-J 
tated, the muscle connected with it becomes simultane- 
ously shorter and thicker, without changing its volume," I 
it appears to me that the statement is as precise or exacfe I 
(and not merely as true) as that of the ph;ysicist who I 
should say, that "when a piece of iron is heated, it J 
becomes simultimcously longer and thicker and increases.! 
in volume ;" nor can I discover any diiference, in points 
of precision, between the statement of the moi-phologica 
law that "animals which suckle their young have tw(rl 
occipital condyles," and the enunciation of the pl_ 
law that "water subjected to electrolysis is replaced by 
ui e^ual weight of the gases, oxygen and hydrogen." 

^ "Philosopliie Positive ■ i. p. 78. 
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A3 for aiiiitomieal or pliysiologieal iuvcstigation bciugj 
leas "aystematic" than that of the jiliysiciat or chemist, J 
the assertion 13 simply unaccouutiilile. Tlie methods of fl 
physical science are everywhere the same in principle, J 
and the physiological investigator who was not "sys-S 
tematic" would, on the whole, break down rather sooner ■ 
than the inquirer into simpler subjects. I 

Tbua M. Comtc's classification of the sciences, underJ 
all its aspects, appears to me to be a complete failure. I 
It is impossible, in an article which is already too long,B 
to inquire how it may be replaced by a better ; and it is ■ 
the less necessary to do so, as a second edition of Mr. 1 
Spencer's remarkable essay on this subject has just been J 
published. After wading through pages of the long-j 
winded confusion and second-hand iuLiimation of them 
"Plulosophie Positive," at the risk of a crise cerSbrale — 1 
it is as good as a shower-bath to turn to the "Classi- 
fication of the Sciences," and refresh oneself with Mr. 
Spencer's profound thought, precise knowledge, and clear 
language. 

11. The second proposition to which I have committed: 
myself, in the paper to which 1 have been obliged 1 
refer so often, is, that the "Positive Philosophy" eontaina^ 
"a great deal which is as thoroughly antagonistic to the I 
very essence of science as is anything in ultramontanaJ 
Catholicism." i 

What I refer to in these words, is, on the one handi 
the dogmatism and narrowness which so often marlo 
M. Comtc's discussion of doctrines which he does noq 
like, and reduce his expressions of opinion to mei 
passionate puerilities ; as, for example, when he ia^ 
arguing against the assumption of an ether, or when 
he m talking (I cannot call it arguing) against pyscho- 
P", or political economy. On the other hand, I allude 
die spirit of medtUiug systcmatization and regulation ' 
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whict animates even tte " PLilosopliio Positive, 
breaks out, in the latter volumes of that work, into no 
uncertain foreshadowing of the anti-scientific monstro- 
sities of Comte'a later writings. 

Those who try to tlraw a line of demarcation between- 
the Epliit of tho "Philosophic Positive," and that of 
the "Politique" aud its successors, (if I may express 
an opinion from fragmentary knowledge of these last,) 
must have overlooked, or forgotten, what Comtc himself 
labours to show, and indeed succeeds in proving, in 
the "Appendice GdntSral" of the ''Politique Positive." 
"DJiS mon dtSbut," he writes, "je tcntai de fonder le' 
nouveau pouvoir spirituel] que j'institue aujourd'hui.'' 
"Ma politique, loin d'etre aucuncment opposce H, ma 
philosophie, en constitue teUcment la suite naturcUe 
que celle-ci fut direetement instltuiie pour scrvir de base 
h. eclle-]Jl coramc lo pronve oet appendice." ^ 

This la quite true. In the remarkable cs?ay entitled 
"Considerations sur le Pouvoir spirituel," published in 
March IS26, Comte advocates the establishment of a 
" modern spiritual power," which, he anticipates, may 
exercise an even greater infiuence over temporal affairs, 
than did the Catholic clergy, at the height of their 
vigour and independence, in the twelfth century. This 
spiritual power is, in fact, to govern opinion, and to 
ha.ve tho Bui^rcmo control over education, in each 
nation of the West; and the spiritual powers of the 
several* European peoples are to be associated together 
and placed under a commoa direction or " souverainetd 
BpiritueUe." - ■ 

A system of "Catholicism minus Christianity" was 
therefore completely organized in Comte's mind, four 
years before the first volume of the " Phdosophio 
roisitivc " was written ; and, naturaEy, the pupal spirit 
* Loo, cit,, VxCiij/x Epctiale, pp. i. ii. 
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eTiow's itself in that work, not only in tlie v.iys II 
liave already mentioned, Ijut, notably, in tlie attack! 
on_ liberty of conscience which breaks out in t!ie fouithj 
volume ; — 



" H n'y a point de libcrte i]e conscience en astronnmie, en jihyafquM 
en chimifl, en pLytnologin tnOme, en ce eens que cliitcun Irouveralf 
absurde de ne pas cruire de conliauce uux pi'iucipea tt^blla daua 1 
iB par Io3 homilies com pi; Lents." 



"Nothing in ultramontane Catholicism " ctin, in mji 
judgment, be more completely sacerdotal, more entirely 
anti-scientificj than this dictum. All the great steps uf 
the advancement of science have been made by just 
those men who have not hesitated to doubt the "prinj 
ciples established in the sciences by competent persons ; i 
and the great teaching of science^ — the great use of it a 
an instrument of mental discipline — is its constant incn 
cation of the maxim, that the sole ground on which an^ 
statement has a right to be believed is the impossibility 
of refuting it. 

Thus, without travelling beyond the limits of thJ 
*' PhilosopJiie I'ositive," we find its author contempla 
ting the establishment of a system of society, in whidl 
an organized spiritual power shall over-ride and dir 
ivQ temporal power, aa completely as the Innocents an 
Tegorys tried to govern Europe in the middle ages ; a 
bndiating the ezercise of liberty of conscience i 
)i"hom,mcs compcte.nts," of whom, by the ; 
L the new priesthood would be composed 
i Congreve as forgetful of this, aa he seems to ha"^ 
'i of Bome other parts of the " Philosophic PoaitiveJ 
, he ■wrote, that " in any limited, careful use 
Bp candid man could say that the Positivi 
-"ontained a great deal as thoroughly ants 
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gonistic to [the very essence of^] science iia Cj.tho]i- i 
cism " ? ■ ■ I 

M. Comte, it will have been observed, desires to retain I 
tbe whole of Catholic organization ; and tlia logical I 
practical result of this part of his doctrine would be ] 
the establishment of something corresponding with that 
emiuentlj Catholic, but admittedly anti-scientific, insti- 
tution — the Holy Office. , 

I hope I have said enough to show that I wrote the few 
lines I devoted to M. Comte and his philosophy, neither 
unguardedly nor ignorantly, still less maliciously. I 
shall be sorry if what I have now a,dded, in my own 
justification, sbould lead any to supdose that I think j 
M. Comte '3 works worthless; or that I do not hcM-tUy J 
respect, and sympathise with, those who have been im- 1 
pelled by him to think deeply upon social problems, I 
and to strive nobly for social regeneration. It is the I 
virtue of that impulse, I believe, which will save I 
the name and fame of Auguste Comte from oblivion. I 
As for his philosophy, I part with it by quoting j 
Lis own words, reported to me by a quondam Comtist, 
now an eminent member of the Institute of France, 
M. Chai-les Eobin :— 

"La PhilosofiTjia est one tentativo incessante de I'csprit h amain poup ■ 
arriver au rejios : moia iille se trouve mcessatuDcnt aussi dcraag£e par 
lea progrta coutiQua da la Bcieme. De Ih. TiQiit pour ]o pliilosoplio 
I'ofaligation de refaire cbatjue soir la eyntlifese de soa conc^ptiona ; et 
un jouF vieudra oh. I'liumme r^isoniiable no ftira plus d'autre piiure 
__i tt 'soir." 

I. ' Mr. CongTOTe leaves out theaeimporlantworas, which sliow thatliefai 
"^ apirit, and not to the details of scioace. 
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suggesting prettiness, but can hardly be called eithefj 
'grand or beautiful But on our soutbem coijsta, 
wall-siJed cliffa, many Hundred feet high, with 1 
needles and pinnacles stanthng out in the sea, sharj 
and solitary enough to ser\'e as perches for the wai 
cormorant, confer a wonderful beauty and grandei 
upon the chalk headlands. And, in the East, chalk hai 
its share in the formation of some of the most vcncrabl(s 
of mountain ranges, such as the Lebanon. 

What 19 this wide-spread component of the surface c 
the earth ? and whence did it come ? 

You may think this no very hopeful inquiry.* To:^ 
may not unnaturally suppose that the attempt to solv( 
such problems as these can lead to no result, save thaj 
of entangling the inquirer in vague speculations, 
capable of refutation ajid of verification. 

If such were really the ease, I should have selcete 
some other subject than a "piece of chalk" for mg 
discourse. But, in truth, after much dehberqtion, , 
have been unable to think of any topic wliieh would i 
well enable me to lead you to see how soHd is the foun-»l 
dation upon which some of the most startling conelasionaj 
of physical science rest. 

A great chapter of the history of the world is writtei 
V the chalk. Few passages in the history of man caiK 
1 supported by such an overwhelming mass of direci 
1 indirect evidence as that which testifies to the trulj^a 
'he fragment of the history of the globe, which I hopffl 
■inable you to read, with your own eyes, to-night. I 

aet me add, that few chapters of human history IiaveB 
hore profound significance for ourselves. I weigU-J 
^"words well when 1 assert, that the man who ahoiJctJ 
r l^e true history of the bit of chalk which evei 
~'~" carries about in bis brccches-pocket, thougli 
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ignorant of all other liistorj, is likely, if be \\l\\ tTiink , 
hia knowledge out to its ultimate result?, to have a truer, 
and thereforo a better, conception of this wondoi-ful I 
universe, and of man's relation to it, than the most 
learned student who ia docp-read in the records of I 
humanity and ignorant of those of Kature. 

The language of the ehalk is not hard to learn, not 
nearly so hard as Latin, if you only want to get at the 
broad features of the story it has to tell ; and I pro- I 
pose that we now set to work to spell that story out \ 
together. I 

Wc all know that if we "bum" chalk the result i 
is quicklime. Chalk, in fact, is a compound of carbonic J 
acid gas, and lime, and when you make it very hot tlie j 
carbonic acid flies away and* the lime is left. I 

By this method of procedure we see the lime, but we \ 
do not see the carbonic acid. If, on the other hand, you 
were to powder a little chalk and drop it into a good 
deal of strong vinegar, there would be a great bubbling I 
and fizzing, and, finally, a clear liquid, in which no sigu 1 
of chalk would appear. Here you see the carbonic acid 
in the bubbles; the lime, dissolved in the vinegar, 
vanishes from sight. There are a great many other 
ways of showing that chalk is essentially nothing but J 
carbonic acid and quickhme. Chemists enunciate the ] 
result of all the experiments which prove this, by I 
stating that chalk is almost wholly composed of " car- I 
bonate of lime." I 

It is desirable for us to start from the k-nowledgc of I 
tliis fact, though it may not seem to help us very far \ 
towards whit we seek. For carbonate of lime is a widely- j 
Bpread" substance, and is met with under very various ] 
conditions. AH sorts of limestones are composed of I 
more or less pure carbonate of lime* The crust which i 
ia often deposited by waters which have" drained through ■ 
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limestone rocks, in the form of ■wlifit are called i 
mites and stalaotites, is earboiiatc of lime. Or, to take 
a more familiar example, the fur on tho inside of a tea- 
kettle is carbonate of lime ; and, for anytliing chemistry 
tells us to the contrary, the chalk might be a kind of 
gigantic fur upon the bottom of the earth-lcettle, which 
is kept pretty hot bolow. 

Let us try another method of making the chalk tell 
us its own history. To the unassisted eye chalk looks 
simply like a very loose and open kind of stone. But 
it is possible to grind a slice of chalk down so thiu that 
you can see through it — until it is thin enough, in fiict, 
to be examined with any magnifying power that raaj 
be thought desirable. A thin slice of the fur of m 
kettle might be made in tho same way. If it wseiH 
examined microscopically, it wouhl show itself to b^| 
a more or less distinctly laminated mineral substancsH 
and nothing more. jH 

But the slice of chalk presents a totally differaBJB 
appearance when placed under the microscope. Ultifl 
general mass of it is made up of very minute gronules^l 
bat, imbedded in this matrix, are innumerable bodidjffl 
some smaller and some larger, but, on a rough averagfM 
not more than a hundredth of an inch in diametCS^H 
having a well-defined shape and structure. A culq|H 
inch of some specimens of chalk may contain bundrec wB 
of thousands of these bodies, compacted together iftdt^V 
incalculable millions of the granules. ^| 

The examination of a transparent slice gives a goo^fl 
notion of the manner in which the components of" tli^| 
chalk are arranged, and of their relative proportionfefl 
But, by rubbing up some chalk with a brush in wat^9 
and then pouring off the milky fluid, so as to ohtai|H 
Bcdimc'uts of different degrees of fineness, the granul^sl 
and the minute rounded bodies may be pretty Welljfl 




Oy A PIECE OF CHJLS. 179 



separated from nne anotlier, and submitted to micro- 
scopic examination, cither as opaque or aa transparent 
objects. By combining the views obtained iia these 
vai'ioua methods, each of the rounded bodies may be 
proved to be a beautifully-constructed calcareous fabric, 
made up of a number of chambers, communicating freely 
with one aliother. The chambered bodies arc of vaiious 
forma. One of tbe commonest ia somethuig like a 
badly-grown raspberry, being formed of a number of 
nearly globular chambers of different sizes congregated 
together. It is called Globigcrina, and some specimens 
of chalk consist of little else than GlohigerincB and 
granules. 

Let us fix our attention upon the Gldbigerina. It is 
the spoor of the game we are tracking. If jpc can learn 
what it is and what are the conditions of its existence, 
we shall see our way to the origin and past history of 
the chalk. 

A suggestion "which may naturally enough present 
itself is, that these curious bodies are the result of some 
process of aggregation which has taken place in the 
carbonate of Ume ; that, just as in winter, the rime on 
our- windows simidates the moat delicate and elegantly 
arborescent foliage — proving that the mere mineral water 
may, under certain conditions, assume the outward form 
of" organic bodies — so this mineral substance, carbonate 
of lime, hidden away in the bowels of the earth, has 
talven the shape of "these chambered bodies. I am not 
raising a merely fanciful and unreal objection. Very 
learned men, in former days, have even entertained tlie 
notion that all the formed things found in rocks are of 
this nature ; and if no such conception ia at present 
Held to be admissible, it is because long and varied 
experience has now shown that mineral matter never 
does asriume the form and structure we find in fossils. 
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If Jiny one were to try to persuade you tliat an oyster- 
shell (which is also chiefly composed of carhonate of 
lime) had crystallized out of sea-wator, I suppose you 
would laugh at the absurdity. Your laughter would 
he justified by the fact that all experience tends to 
stiow that oyster-sheila are formed by the agency of 
oysters, and in no other way. And if there were no 
liettcr reasons, we should be justified, on like grouuda, 
in believing that Glohigerina is not the product of any- 
thing but vital activity. 

Happily, however, better evidence in proof of the 
organic nature of the GlobigerincB than that of analogy 
is forthcoming. It so happens that calcareous skeletons, 
exactly eimilar to the Glohigerin(B of the chaJk, are 
being formed, at the present moment, by minute living 
creatures, which flourish in multitudes, literally more 
numerous than the sanda of the sea-shore, over a large 
extent of that part of the earth's surface which is 
covered by the ocean. 

The history of the discovery of these living Glohi- 
gerinte, and of the part which they play in rock 
building, is singular enough. It ia a discovery which, 
like others of no less scientific importance, has arisen, 
incidentally, out of work devoted to very diff'erent and 
exceedingly practical interests. 

Wlieu men first took to the sea, they speedily learned 
to look out for shoals and rocks; and the more the 
burthen of their ships increased, the more impemtivcly 
;es8ary it became for sailors to ascertain with precision 
■ depth of the waters they traversed. Out of this 
ity grew the use of the lead and sounding line ; 
iltimatoly, marine-surveying, which is the recording 
i form of coasta and of the depth of the sc^ as 
rtainetl by the sounding-lead, upon charts. . 
''■ the Eiiaie time, it became desirable to ascertain 



u.] 



ON A PIECE OF CUALK. 



ISI 



and to indicate tlic nature of the sea-bottom, since thia 
circumstance greatly ailects its goodness as holding 
ground for anchors. Some ingenious tar, whose name 
deserves a better fate than the oblivion into which it 
has fallen, attained this object by "arming" the bottom 
of the lead with a lump of grease, to which more or less 
of the sand or mud, or broken shells, as the case might 
be, adhered, and was brought to the surface. But, 
liowcver well adapted such an apparatus might be for 
rough nautical purposes, scientific accuracy could not be 
expected from the armed lead, and to remedy its defects 
(especially when applied to sounding in great depths) 
]jieut, Brooke, of the American Navy, some years ago 
invented a most ingenious machine, by which a consider- 
able portion of the Buperfieial layer of the sea-bottom 
can be scooped out and brought up, fi'om any depth to 
which the lead descends. 

In 18.'5.3, Lieut. Brooke obtained miid from the bottom 
of the North Atlantic, between Newfoundland and the 
Azores, at a depth of more than 10,000 feet, or two 
miles, by the help of this sounding apparatus. The 
specimens were sent for examination to Ehrenberg of 
Berlin, and to Bailey of West Point, and those able 
mieroBcopista found that this deep-sea mud wa.*? 
almost entirely composed of the skeletons of living 
organiama — the greater proportion of these being just 
like the GlohigcrincB already known to occur in the 
chalk. 

Thus far, the work had been carried on simply in the 
interests of science, but Lieut. Brooke's method of sound- 
ing acquired a high, commercial value, when the enter- 
prise of laying down the telegraph-cable between this 
country and the United States was undertaken. Tor 
it became a matter of immense importance to know, 
not only the depth of the sea over the whole line along 
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which the cable was to be \ak\, but the exact nature 4 
the bottom, so as to guard against chances of cutting or 
fraying the strancU of that costly rope. The Admiralty 
consequently ordered Captiin Dayman, an old fiicnd and 
shipmate of mine, to ascertain the depth over the whole 
line of the cable, and to bring back specimens of the 
bottom. In former days, such a command as this might 
have sounded very much like one of the impossible things 
which the young prince in the Fairy Tales is ordered to 
do before he can obtain the hand of tlie Princess. How- 
ever, in the mouths of June and July 1857, my friend 
performed the task assigned to him with great expedition 
;md precision, without, so far as I know, having met with 
any reward of that kind. The specimens of Atlantic 
mud which he procured w-erc sent to me to be examined 
and reported upon.^ 

The result of all those oporntions is, that we know the 
contours and tJic nature of the surf;iee-soil covered by 
the North Atlantic, for a distance of 1,700 miles from 
east to west, as well as we know that of any part of 
the diy land. 

It is a prodigious plain — one of the widest and most 
even plains in the woikl. If the sea were drained otf, 
you might drive a wagon all the way from Valcntia, on 
the west coast of Ireland, to Trinity Bay, in Newfound- 
land. And, except upoa one sharp incline about 200 
miles from Valentia, I am not quite sure that it would 
even be necessary to put the skid on, so gentle are the 
ascents and descents upon that long route. From Valentia 



' Soe Apjiendli to Captain Dayman's "Depp^sea Soundings in tlia ITorth 
AUantia Oi'eaD, between Ireland and Newfoundland, made in HJU.8, 
Ci/etopi. pjlillshed by order of the Lorda Commissionera of the Adminlty, 
1858." They have siuco fonned the subject of an ekbonite Memoir by 
McsaiB. pBrker and Jooea, publiifaed la the Fhiloeophiial Traauaclioat fa 
lbtJ5. """^ 
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the road woulcl lie down-bill for aliout 200 miles to the \ 
point at which the bottom is now covered by 1,700 
fathoms of sea-water. Then would come the central 
plain, more than a thousand miles wide, the inequalities 
of the surface of which would be hardly perceptible, 
though the depth of water upon it now varies from 
10,000 to 15,000 feet;, and there are places in which 
Mont Blanc might be sunk without showing its peak 
above water. Beyond this, the ascent on the American 
side commences, and gradually leads, for about 300 
miles, to the Newfoundland shore. 

Almost the whole of the bottom of this central plain I 
(which extends for many hundred miles in a north and 
south direction) is covered by a fine mud, which, when 
brought to tlie surface, dries into a greyish-white friable 
substance. You can write with this on a blackboard, if 
you are so inclined ; and, to the eye, it is quite like veiy 
soft, greyish chalk. Examined chemically, it proves to 
be composed almost wholly of carbonate of lime ; and if 
you make a seetion of it, in the same way as that of the 
piece of chalk was made, and view it with the micro- 
scope, it presents innumerable GlohigirincB embedded 
in a granular matrix. 

Thus this deep-sea mud is substantially chalk. I say 
Bubstantially, because there are a good many minor dif- 
ferences ; but as these have do bearing on the question ^ 
immediately liefore us,— which is the nature of the 
GlobigerincE of the chalk, — it is unnecessary to speak 
of them. J 

Glohigetinm of every size, from the smallest to the. j 
largest, are associated together in the Atlantic mud, iind 1 
the chambers of many are filled by a soft animal matter. 1 
This soft substance is, in fact, the remains of the creature 
to which the Globigerina shell, or rather skeleton, owea ] 
ita existence- — and uhich- is an animal of the simplest J 
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imaginaljle description. It is, in fact, a mere partx 
of living jelly, witBout defined parts of any kinji 
Tpithout a mouth, nerves, mosclcs, or distinct orgaj 
imd only manifesting its vitality to ordinary observati 
by thrusting out and retracting from all parts of its 
surface, long filamentous processes, "which serve far arms 
and legs. Yet this amorphous particle, devoid of every- 
thing which, in the higher animals, we call organs, is 
capable of feeding, growing, and multiplying ; of scpa^- 
rating from the ocean the small proportion of carbonate 
of lime which is dissolved in sea water ; and of 
building up that substance into a skeleton for itself, 
according to a pattern which can be imitated by no 
other known agency. 

The notion that animals can live and flourish in the 
sea, at the vast depths from which apparently living 
GlohigeriiKB have been brought up, does not agree very 
well with our usual conceptions respecting the conditions 
of animal life ; and it is not so absolutely impossible $ 
it might at first sight appear to he, that the Glohigei 
of the Atlantic sea-bottom do not live and die ^ 
they are found. 

As I have mentioned, the soundings from the greftt 
Atlantic plain are almost entirely made up of Glohi- 
gerincB, witb the granules which have been mentioned, 
and some few other calcareous shells; but a small per- 
centage of the chalky mud — perhaps at most some jivo 
per cent, of it — is of a different nature, and consists of 
shells and skeletons composed of siles, or pure flint These 
siliciona bodies belong partly to the lowly vegetable 
organisms which are called Diatomacece, and partly to 
the minute, and extremely simple, animals, termed 
Itadlokina. It is quite certain that these creatures 
do not live at the bottom of the ocean, but at its 
Bm-facc — where they may be obtained in prodigious 
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Dunibcrs by the use of a properly constructed 
Hence it follows that these silicioMs oTtfaiiisms, though 
they are not heavier than the lightest dust, must huve 
fallen, in some cases, through fifteen thousand feet of 
water, before they reached their final restlug-place on 
the ocean floor. And, considering how largo a surface 
these bodies expose in proportion to their weight, it 
is probable that they occupy a great length of time 
in maloDg their burial journey from the surface of the 
Atlantic to the bottom- 
But if the liadiolaria and Diatoms are thns rained 
upon the bottom of the sea, from the superficial layer 
of its waters in which they pass their lives, it is ob- 
viously possible that the Glohigcrin<B may be similarly 
derived ; and if they were so, it would be much more 
easy to undcrstaad how they obtain their supply of food 
tlian it is at present Nevertlieless, the positive and 
negative evideuce all points the other way. The 
skeletons of the full-grown, deep-sea Glohigerince are 
BO remarkably solid and heavy in proportion to their 
surface as to seem little fitted for floating; and, as a 
matter of fact, they are not to be found along with the 
Diatoms and liadiolaria, in the uppermost stratum of 
the open ocean. 

It has been observed, again, that the abundance of 
GlobigerinfS, in proportion to other organisms, of like 
kind, increasca with the depth of the sea ; and that 
deep-water Globigerinat are larger than those which live 
in shallower parts of the sea ; and such facta negative 
the supposition that these organisms have been swept by 
Eurrents from the shallows into the deeps of the Atlantic. 
It therefore eccms to be hardly doubtful that these 
wonderful creatures live and die at the depths in which 
they are found.^ 

*Duru>s the cruiso of H.M.S. EiUl-dos, comnmndca Ij Pir Leopold 
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n'cver, tho important points for us arc, that ti!_ 
living (Jhbuj<:rin<B nrc exclusively msu-iDC animala, tbe 
iskfK't(ni3 of whicli abound nt the bottom of deep seas ; 
and that there is not a shadow of reason for bt-'lieviiij 
lliat the habits of the Ghhiycrinai of the chalk dilTc] 
from those of the existing species. But if tliia be tnu 
ihcrc ia no escaping the conclusion that the chalk itsdl 
is the dried mud of an ancient deep sea. 

In working over the soundings collected by CaptaiJ 
n^yman, I was surprised to find that many of whi 
I have called the " gi-auulea" of that mud, were not, 
one might have been tempted to think at fu'st, the m( 
powder and waste of GlohtgerincB, but that they had 
definite form and size. I termed these bodies 
lilhs," ami doubted their organic nature Dr. WaUn 
verified my observation, a.ud added the interest 
discovery that, not unfrequenlly, bodies similar to thei 
"coccolitha" were aggregated together into spheroii^ 
which he termed " coccospheres." So far as we knei 
these bodies, the nature of which ia extremely puzi " 
and problematical, were peculiar to the Atlanti 
soundings. 

Cut, a few years ago, Sir. Sorby, in making a carefi 
examination of the chalk by means of thin sections am 
otherwise, observed, as Ehrenberg had done before Idi 
that much of its granular basis possesses a definite foj 
Comparing these formed partielca with those ia 

M'CIintocTi, in 18G0, living star-fiah were brought up, clinging to thoT? 
part of tbe soiinding-lino, from, a depth of 7,260 fatliornB, midway h'^ 
Uape Farewell, in Greeulond, and tbe Bockoll banks. Dr. WallLch bSDB 
that the Gen-bottoiu at thia poiot consisted of the ordiuaiy Qlobigerina o 
and that the atoniacha of the Htar-flshes were full of GlobigirintE. Thif 
diaeovery removes all objections to tLe existence of living Glohigerinte at 
unat depths, which are based upon the Buppoeed difficulty of nitiiiitaimiig 
animal Me nndcr auch conditions j and it throws the burilen of proof upon 
thoae who oliject to the Biipposition that the Globigcrinci live and die w' ■ " 
they are toimd. 
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Atlantic soundiu,53, he found the two to be identical ; 
and thus proved that the chalk, like the soundings, 
contains these mysterious coccoliths and coccosphcrea. 
Here waa a further and a moat interesting confirmation, 
from internal evidence, of the essential identity of the 
chalk with modem deep-sea mud. Gldbigcrinm, cocco- 
liths, and coecosphercs are found as the chief constituents 
of both, and testify to the general similarity of the con- 
ditions under which both have been formed.^ 

The evidence furnished by the hewing, facing, and 
superposition of the stones of the Pyramids, that these 
Btractures were built by men, has no grpater weight 
than the evidence that the chalk was built by Glohi- 
gerina ; and the behef that those ancient pyramid- 
builders were teiTestrial and air-breathing creatures like 
ourselves, is it not better based than the conviction that 
the chalk-makers lived in the sea. 

But as our belief in the building of the Pyramids by 
men is not only grounded on the internal evidence 
afforded by these structures, but gathers strength from 
multitudinous collateral proofs, and is clinched by the 
total absence of any reason for a contrary belief ; so the 
evidence drawn from the GloherigincB that the chalk Is 
an ancient sea-bottom, is fortified by innumerable inde- 
pendent lines of evidence ; and our belief in the truth 
of the conclusion to which all positive testimony tends, 
receives the like negative justification fi-om the fact that 
no other hypothesis has a shadow of foundation. 

It may be worth while briefly to consider a few of 
these collateral proofs that the chalk was deposited at 
the bottom of the sea. 



* I have recently trnced out tlie development of tlio " coccolitlis " firom % 
diameter of Tifcot^ of iin inch up to their Kirgeat size (whicli ia about j^apth), 
and no longer doubt tliat tliey nee produced bj independent 0] 
like the Giuhigcrina, live and die at ths bottom of the ucu. 
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The great mass of the chalk is composed, as we have ' 
seen, of the skeletons of GlobifjeruieB, aad other simple 
organisms, imbedded in graiiuliir matter. Here antl 
there, however, this hiirdeued mud of the ancient sea 
rcveaU the remiiius of higher animals which have lived 
and died, and left their hard parts in the mud, just tia 
the oysters die and leave their shells behind tliem, in the 
mud of the present seas. 

There are, at the present day, certain groups of aDimitli 
which are never found in fresh waters, being unable 1 
live anywhere but in the sea. Such are the corals ; tho( 
corallines which are called Pohjzoa; those ereatun 
which fabricate the 1 amp-shells, and are called Sj'achiO 
poda ; the i)ear]y Nautilus, and all animals allied 
it ; and all the forms of sea-urchins and star-fishes. 

Not only are all tliese creatures confined to stdt wate 
at the present day ; but, so far as our records of the pas 
go, the conditious of their existence have been the 8 
hence, their occurrence in any deposit is as strong 
evidence as can be obtained, that that deposit w 
formed in the sea. Now the remains of animals of i 
the kinds which have been enumerated, occur in 
chalk, in greater or less abundance ; whUe not one i 
those forms of shell-fish which are chai'acteristic of frea] 
water has yet been, observed in it. 

When we consider that the remains of more than tk 
thousand distinct species of aquatic animals have 1 
discovered among the fossils of the chalk, that the g 
majority of them are of such forms aa are now met i 
only in the sea, and that there is no reason to 1 
that any one of them inhabited fresh water — the collate 
evidence that the chalk represents an ancient sca-bottonl 
acquires as great force as the proof derived from ■ ' 
tiiiture of the chalk itself, I think you will now all 
that I did not overstate my case when I asserted t 
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we have as strong grounds for believing that all the vast 
area of dry land, at present occupied by the chalk, was 
ODce at the bottom of the sea, as we have for any matter 
of history whatever ; while there is no justification for 
any other belie£ 

No less certain it ia that the time during whicli 
the countries we now call south-east England, France, , 
Germany, Poland, Kussia, Egypt, Arabia, Syria, were I 
more or less completely covered by a deep sea, was of j 
considerable duration, ' 

"We have already seen that the chalk is, in places, J 
more than a thousand feet thick. I think you will 
agree with me. that it must have taken some time for 
the skeletons of animalcules of a hundredth of an inch in 
diameter to heap up such a mass as that. I have said 
that throughout the thickness of the chalk the remains 
of other animals are scattered. These remains are often 
in the most exquisite state of preservation. The valves , 
of the ahell-lishcs are commonly adherent ; the long , 
spines of some of the fiL>a-urcliins, which would be de- I 
tached by the smalkst jar, often remain in thoir places. I 
In a word, it is certain that these animals have lived | 
and died when the place which they now occupy was i 
the surface of as much of the clialk as had then been I 
deposited ; and that each has been covered up by the- j 
layer of Glohujci'ina mud, upon which the creatiires j 
imbedded a little higher uji have, in like manner, lived I 
and died. But some of these remains prove the existence j 
of reptiles of vast size in the chalk sea. These li'^'cd | 
their time, and liad their ancestors and descendants, J 
which assuredly implies time, reptiles being of slow I 
growth. 1 

There is more curious evidence, ogaLn, that the proceaa | 
of covering up, or, in other words, the deposit of Glohi- i 
geriiia skeletons, did not go on very fiiat. It is demon- 1 
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■strjiblo tliat an animal of the cretaecoua sea might die,' 

I hat ita skeleton might lie uncovered upon the sca-buttom 

long enough to lose all its outward coverings and appeu- 

dages by putrefaction ; and tliat, after this had ha]ipt.'iied, 

another animal might attach itself to the dead and naked J 

■skeleton, might grow to maturity, and might itself dujM 

before the crdcareoua mud had buried the whole. M 

Cases of this kind nrc admirably described by S^M 

Charles Lycll. He speaks of the frequency witli whitjH 

geologists fiud iu the chalk a fossUized sea-urchin, ^H 

which is attached the lower valve of a Crania. l^M^ 

la a kind of shell-fish, with a shell composed of twM 

jiieces, of which, as in the oyster, one is fixed and tJ^B 

other Iree. ^H 

"The upper valve is almost invariably wantaa aB 

though occasionally found in a peri'eet state of pl^M 

servation in the white- chalk at some distance. In l^i^H 

case, we see clearly that the sea-urchin fijst lived &0^| 

youth to age, then died and lost its spines, ■which w aB 

carried away. Then the young, Crania adhered to toH 

bared stiell, grew and perished in its turn ; after whielfl 

tlic upper valve was separated from the lower, befWM 

the Echinus became enveloped in chalky mud,"^ ^M 

A specimen in the JIuseum of Practical Gcol<^y,',^H 

London, still further prolongs the period which must hasH 

elapsed between the death of the sea-urchin, and ita buijH 

by the GlohigeruKE. For the outward face of the valreflH 

a Crania, which is attached to a sea-urchin {Micraste^^ 

pa itself overrun by an iiierusting condline, which sprc^H 

Kbence over more or leas of the surface of the sea-urd^H 

Btfollows that, after the upper valve of the Crania «H 

^K the surface of the attaciicd valve must have remainH 

^^bosed long enough to allow of the growth of the wl^H 

^Holimc, since corallines do not live imbedded in mttj^| 

L ' •■ i^Ietuents of Ocoo^O' " ''oy Sir Charles Ljell, B.irt. F.E.S., p. 23. B 
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TIic progress of knowlcLlge may, one day, pnaUe 
to deduce from sncli facts as tliese the maximum rate 
at which the chalk can have accumulated, and thus to 
arrive at the minimum duration of the chalk period. 
Suppose that the valve of the Crania upon which » 
coralline has fixed itself in the way just described, is so 
attached to the sea-urchin that no part of it is more than 
an inch above the face upon which the sea-urchin rests. 
Then, as the coralline could not have fixed itself, if the 
Crania had been covered up with chalk mud, and 
could not have lived had itself been so covered, it follows, 
tliat an inch of chalk mud could not have accumulated 
within the time between the death and decay of the soft 
]iai-t3 of the sea-urchin and the growth of the coralline to 
the full size which it hns attained. If the decay of the 
soft paits of the sea-urchin ; the attachment, growth to 
maturity, and decay of the Crania ; and the subsequent 
attachment and growth of the coralline, took a year 
(which is a low estimate enough), the accumulation of 
the inch of chalk must have taken more than a year: 
and the deposit of a thousand feet of chalk must, 
consequently, have taken more than twelve thousand 
years. 

The foundation of all this calculation is, of course, a 
knowledge of the length of time the Crania and th& 
coralline needed to attain their full size; and, on this 
head, precise knowledge is at present wanting. But 
there are circumstaneea which tend to show, that nothing 
like an inch of chalk has accumulated during the life of 
a Crania; and, on any probable estimate of the length' 
of that life, the chalk period must have had a much 
longer duration tlian that thus roughly assigned to it 

Thus, not only is it certain that the chalk is the mud of 
ttu ancient sea-bottom ; but it is uo less curtain, that tho 
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But, if \vc afssign to these lioar relics of long-vanished * 
generationa of men the greatest age that cnn possibly bo 
cliiimetl for them, they are not older than the di'ift, or 
boulder clay, ■whi(;h, in comparison with the chalk, w 
but a very juvenile deposit. You need go no further 
than your own sea-board for evidence of this fact At 
fine of the most charming spots on the coast of Norfolk, 
Cromer, you will see the boulder clay forming a vast 
mass, which lies upon the chalk, and must consequently 
have eomc into existence after it Huge boulders of 
chalk are, in fact, included in the clay, and have evi- 
dently been brought to the position they now occupy, 
by the same agency as that which has planted blocks of 
syenite from Norway side by side with them. 

The chalk, then, is certainly older than the boulder 
clay. If you ask how much, I will again take you no 
further than the same spot upon your own coasts for 
evidence. I have spoken of the boulder clay and drift 
aa resting upon the chalk. That is not strictly true. 
Interposed between the chalk and the drift is a compa- 
ratively insignificant layer, containing vegetable matter. 
But that layer tells a wonderful history. It is full of 
stumps of trees standing as they grew. Fir-trees arc 
there with their cones, and hazel-bushes with their nuts ; 
there stand the stools of oak and yew trees, beeches and 
alders. Hence this stratum is appropriately called tho 
"forest-bed." 

It is obvious that the chalk must have been upheaved 
and converted into dry land, before the timber trees 
could grow upon it As the bolls of some of these trees 
are from two to three feet in diameter, it is no less clear 
that the dvy land thus formed remaiocd iu the same 
condition for long agca. And not only do the remains 
of stately oaks and well-grown firs testify to the duration 
of this condition of things, but additional evidence to 
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(he samo cfFfct \& afionlnd by the abundant remains 
cli'plmuts, rhinoceroses, Lippojwtamuses, and other grc 
ttild bt-asts, which it has yielded to the zealous aearcli 
such men as the Rev. Mr. Gunn. 

Wht-n you look at such a collection as he has formed, 
;iiid bethink you that these elephantine bones did veritably 
■■;irry thuir owners about, and those great grinders crunch, 
ill the dark woods of which the forest-bed is now tl 
"Illy trace, it is impossible uot to feel that they are 
gnoil evidence of the lapse of time as the annual rinj 
gf the tree-stumps. 

Thus there is a writing upon the wall of cliffa 
Cromer, and whoso runs may read it. It tells us, wit 
;ui authority which cannot be impeached, that the 
ancient sea-bed of the chalk sea was raised up, and 
remained dry land, until it was covered witb forest, 
stocked with the great game whose spoils have rejoiced 
your geologists. How long it remained in that condition 
cannot be said ; but "the whirligig of time brought its 
revenges " in those days- as in these. That dry lam' 
with the bones and teeth of generations of long-li- 
elephants, hidden away among the gnarled roots and 
leaves of its ancient treys, sank gradually to the bottoi 
of the ley sea, which covered it with liuge masses 
drift and boiildcr clay. Sea-beasts, sucli as the wa! 
now restricted to the extreme north, padtlled about whei 
birds had twittered among the topmost twigs of the fii 
trees. How long this state of things endured we knoi 
not, but at length it came to an end. The upheavet 
glacial mud hardened into the "soil of modem Norfoll 
" 'ests grew ouec more, the wolf and the beaver n 

Jed the reindeer and tho elephant ; and at lengt] 
t we call the history of England dawned. 

BlUs you have, within the limits of your own coraityJ 
that the chalk can justly claim a very muchi 
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greater antiquity than even the oldest physical tracea of 
mankind. But we may go further and demonstrate, by 
evidence of the same authority as that which testifies to 
the existence of the father of men, that the chalk is 
vastly older than Adam himself. | 

The Book of Genesis informs us that Adam, immcdiatelji | 
upon his creation, and before the appearance of Eve, was , 
placed in the Garden of Eden. The problem of the 
geographical position of Eden has greatly vexed the 
spirits of the learned in such matters, but there is one 

C' at respecting which, so far as I know, no commentator 
ever raised a doubt. This is, that of the four rivers 
■which are said to run out of it, Euphrates and Hiddekel 
are identical with the rivers now known by the names of 
Euphrates and Tigris. 

But the whole country in which these mighty rivers 
take their origin, and through which they run, is 
composed of rocks whii^h arc either of the same age a^ 
the chalk, or of later date. So that the ehiilk must not 
only have been formed, but, after its formation, the time 
required for the deposit of these later rocks, and for their 
upheaval into diy land, must have elapsed, before the 
smallest brook which feeds the swift stream of " the 
great river, the river of Babylon," began to flow. 

Thus, evidence which cannot be rebutted, and which 
need not be strengthened, though if time permitted 
I might indefinitely increase its quantity, compels you 
to believe that the earth, from the time of the chalk 
tD the present day. Las been the theatre of a series of 
changes as vast in their amount^ as they were slow in 
their progress. The area on which we stand baa been 
Wi&t sea and then land, for at least four alternations ; 
and has remained in each of these conditions for a 
period of great leugth. 
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Nor have these wonderful metamorplioaca of aca mtfi 
laud, and of land into sea, been coufiiied to one cornql 
of England. Daring'the chalk period, or "cretaccoa 
epoch," not one of the present great physical features < 
the globe was in exiatence. Our great mountain rangeai 
Pyrenees, Alps, Himalayas, Andes, have all been up^ 
heaved since the ehalk was deposited, and the cretacoom 
sea flowed over the sites of Sinai and Ararat. 

All this is certain', because rocks of cretaceous, or swk 
later, date have shared ia the elevatory movement! 
which gave rise to those mountain chains ; and ! 
be found perched up, in some cases, many thousasQ 
feet high npon their flanks. And evidence of eqtu 
cogency demonsti'ates that, though, in Norfolk, t' 
forest-bed rests directly upon the chalk, yet it does i 
not because the period at which tho forest grew imme- 
diately followed that at "which the chalk was formed 
i)ut because an immense lapse of time, roprcsente 
elsewhere by thousands of feet. of rock, is not indicate 
at Cromer. 

I must ask you to believe that there is no less ecH 
elusive proof that a still more prolonged succession < 
similar changes occurred, before the chalk was deposit© 
Nor have we any reason to think that the first term 'm 
the series of these changes is known. The oldest w 
beds preserved to us are sands, and mud, and pebU 
the wear and tear of rocks which were formed ia i 
older oceans. 

But, great as is the magnitude of these \ 
changes of the world, they have been accompanied \ 
a no less striking series of modifications in its liviQlB 
inhabitants. 

All the great classes of animals, beasts of the fie] 
fowls of the air, creeping things, and things which dw 
in tho watcra, flourisheil upon the globe long ages befog 
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the chalk was deposited. Very few, however, if any, of 
these ancieut forms of animal lifg were identical with 
those which now live. Certainly not one of the higher 
animals was of the same species as any of those now in 
existence. The beasts of the field, in the days before 
the chalk, were not our beasts of the field, nor the fowls 
of the air eutli as those whicb the eye of men has seen 
flying, unless his antiquity dates infinitely further back 
than we at present surmise. If we could be carried 
back into those times, wc should be as one suddenly 
set down in Australia before it was colonized. We should 
see mammals, birds, reptiles, fishes, insects, snails, and 
the like, clearly recognisable as such, and yet not one 
of them would be just the same as those with which we 
are familiar, and many would be extremely difierent. 

JFrom that time to the present, the population of the 
world has undergone slow and gradual, but incessant, 
changes. There has been no grand catastrophe — no 
destroyer has swept away the forms of life of one 
period, and replaced thtm by a totally new creation ; 
but one species has vanished and another has taken 
its place ; creatures of one type of structui-e havo 
tliminishcd, those of another liave increased, as time 
has passed on. And thus, whUe the differences between 
the living creatures of the time before the chalk and 
those of the present day appear startling, if placed i 
side by side, we are led from one to the other by the J 
most gradual progress, if we follow the coui-se of ]Satiii'c j 
through the whole series of those relies of her operations I 
which she has left behind. J 

And it is by the population of the chalk sea that the ' 
tincieiit and the modem inhabitants of the world are 
most completely connected. The groups which are 
dying out flourish, side by side, with the groups which 
arc now the dominant forms of life. 
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T!iu3 tlie chalk contains remains of those Strang 
flying and swimming reptiles, the pterodactyl, the i 
thyosmirus, and the plesiosaiirua, which are found in I 
later deposits, hut ahounded in preceding a^ "" 

chambered shells called ammonites and belemnitf 
which are so characteristic of the period preceding 1 
cretaceous, in like manner die with it. 

But, amongst these fading remaindera of a prcvionffl 
state of things, nre some very modern forma of '" 
looking like Yankee pedlars among a tribe of 
I udians. Crocodiles of modern type appear ; 
fishes, many of them very simUar to existing )_ 
almost supjilant the forms of fish which predom 
in more ancient seas ; and many kinds of living sliell- 
fish first become known to us in the chalk. The vege- 
tation acquires a modern aspect. A few living animala 
are not even distinguishable as species, from those wlud 
existed at that remote epoch. The Ghhigerina of T 
present day, for example^ is iiot difiercnt specifieallij 
from that of the chalk; and the same may be said, 
of many otlier Foraminifera, I think it probable thafc 
critical and unprejudiced examination will show thai 
more than one species of much higher animals have 1 
a similar longevity ; but the only example which I i 
at present give confidently is the suakc's-bead lam^ 
shell {TerelratuUna caput serpentis), which lives ii 
our English seas and abounded (as Terebratulina sirta™ 
of authors) in the chalk. 

The longest line of human ancestry must hide .,. 

diminished head before the pedigree of this insigmficaji%1 
shell-fish. "We Englishmen are proud to have an ancestf 
So was present at the Battle of Hastings. The . 

pora of Terebratulina caput serpentis may have he& 

ot at a battle of Ichthyosauna in that part of tin 

f "WliicU, when the chalk was forming, flowed over tiie^ 
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site of Hastings. "While all around tas changetl, this 
TerehratuUna has peacefully" propagated its species from 
generation to generation, and stands to this day, as a 
liviDg testimony to the continuity of the present with 
the past history of the globe. 

Up to this moment I have stated, so fitr as I Ivno\v, 
nothing hut well-authenticated facta, and the immcdialu 
conclusions which they force upon the mind. 

But the mind is so constituted that it docs not 
willingly rest in facts and immediate causes, hut seeks 
always after a knowledge of the remoter links in the 
chain of causation. 

Taking the many changes of any given spot of the 
earth's surface, from sea to land and from land to sea, 
as ' an established fact, wc cannot refrain from asking 
ourselves how these changes have occm'red. And wlieii 
we have explained them — as they must be explained 
— by the alternate slow movements of elevation 
and depression which have affected the crust of the 
earth, we go still further back, and ask. Why these 
movements '( 

I am not certain that any one can give you a satis- 
factory answer to that question. Assuredly I cannot. 
All that can be said, for certain, is, that such movements 
are part of the ordinary course of nature, inasmuch as 
they are going ou at the present time. Direct proof 
may be given, that some parts of the land of the 
northern hemisphere are at this moment insensibly rising 
and others insensibly sinking; and there is indirect, but 
perfectly satisfactory, proof, that an enormous area now 
covered by the Pacific has been deepened thousands of 
feet, since the present inhabitants of that sea camo into 
existence. 

Thus there is not a shadow of a reason for believing 
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that tlic physical changes of the globe, in ptist timc^v] 
have been effected by other than natural causes. 

la there any more reason fur believing that the coDcoiiu< 
tiint modifications in the forms of the living iuhabitani 
of the globe have been brought about in other ways ! 

Before attempting to answer this question, let us 
to form a distinct mental picture of what has happenoi 
in some special case. 

The crocodiles aie animals which, as a group, have 
very vast antiquity. They abounded ages before 
chalk was deposited ; they throng the rivers in wari 
climates, at the present day. There is a difference 
the form of the joints of the back-lionc, and in so: 
minor particulars, between the crocodiles of the pres 
epoch and those wliich lived before the chalk ; but, 
the cretaceous epoch, as I have already mentioued, tl 
crocodiles had assumed the modern type of structure. 
Notwithstandiug this, the crocodilea of the clialk are 
not identically the same as those which lived in the 
times culled "older tertiaiy," which succeeded the csgi^ 
taeeous epoch; and the crocodiles of the older tertiarit 
are not identical witli tliose of the newer tcrfciaries, m 
are these identical with existing fonns. I leave open 
the question wliether jiarticular species may have lived 
on fi'om epoch to epoch. But each epoch has had ita 
peculiar crocodUes ; though all, since the chalk, havft> 
belonged to the modern type, and diifcr simply in thi 
proportions, and in such structural particulars as 
discernible only to trained eyes. 

How is the existence of this long succession of 
ferent species of crocodiles to be accounted for ? 

Only two suppositions seem to be open to us — ^Eithn 
each species of crocodile has been specially created, or 
has arisen out of some pre-existing form by the open 
tion of natm-al causes. 
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ChoosG your hypothesis ; I have chosen miiio. I can 
find no warranty for believing in the distinct creation of , 
a score of successive species of crocodiles in the course of 
countless ages of time. Science gives no countena.nce 
to such a -wild fancy; nor can even the perverse 
ingenuity of a commentator pretend to discover this 
sense, in the simple ivords in which the writer of 
Genesis records the proceedings of the fifth and sixth 
days of the Creation, 

On the other hand, I see no good reason for doubting 
the necessary alternative, that all these varied species 
have been evolved from pre-existing crocodihan forms, 
by the operation of causes as completely a part of the 
common order of nature, as those which have effected 
the changes of the inorganic world. 

Few will venture to affirm that the reasoning which 
applies to crocodiles loses its force among other animals, 
or among plants. If one series of species has come into 
existence by the operation of natural causes, it seems 
folly to deny that all may have arisen in the same way. 

A small beginning has led us to a great ending. If I 
were to put the bit of chalk with which we started into 
the hot but obscure flame of burning hydrogen, it would 
presently shine like the sun. It seems to me that this 
physical metamorphosis is no false image of what has 
been the result of our subjecting it to a jet of fervent, 
though nowise brilliant, thought to-night. It has become 
luminous, and its clear rays, penetrating the abyss of 
the remote past, have brought within our ken some stages 
of the evolution of the earth. And in the shifting " with- 
out haste, but without rest" of the land and sea, as in the 
endless variation of the forms assumed by living beings. 
We have observed nothing but the natural product of the 
forces originally possessed by the suljstance of the uuivci'se. 
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Merchants occasionally go tlirongh a wholesome, though 
troubleaome and not always satisfactory, process which 
they term "taking stock." After all the excitement of 
speculation, the pleasure of gain, and the pain of loss, 
the trader makes up his mind to f;ice facts and to 
learn the exact quantity and equality of his solid and 
reliable possessions. 

The man of science docs well sometimes to imitate 
this procedure ; and, forgetting for the time the import- 
ance of his own small ■winnings, to rc-esamine tl] 
common stock in trade, so that bo may make sure hof 
far the stock of bullion in the ccUar — on the faith 1 
whose existence so much paper has been circulatiiij 
is really the solid gold of truth. 

The Anniversary Meeting of the Geological Socicd 
seoms to be an occasion well suited for an undertaking 
of this kind— for an inquiry, in fact, into the nature and 
value of the present results of pala3ontological investi- 
cation ; and the more so, as all those who have paid 
dose attention to the late multitudinous diseussiona 
in which palfcontology is implicated, must have fe^ 
the urgent necc?sity of some such scrutiny. 
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Pirst in order, as tlie most definite and unqucstionaTjlc 
of all the results of palteontology, must be mentioned j 
the immense extension and impulse given to botany, i 
zoology, and comparative anatomy, by the investigation ' 
of fossil remains. Indeed, tlie mass of biological facts j 
has been so greatly increased, and the range of biological i 
speculation has been so vastly widened, by the researches 
of the geologist and paleontologist, that it is to be feared \ 
there are naturalists in existence ■n-ho look upon geology | 
as Brindley regarded rivers, "fiivers," said the great 
engineer, " were made to feed canals ; " and geology, j 
some seem to think, was solely created to advance com- 1 
parative anatomy. 

Were such a thought justifiable, it could hardly expect j 
to be received with favour by this assembly. But it I 
is not justifiable. Your favourite science has her own I 
great aims independent of all others ; and if, notwith- \ 
standing her steady devotion to her own progress, she 
can scatter such rich alms among her sisters, it should , 
be remembered that her charity is of the sort that i 
does not impoverish, bat "blesseth him that gives and | 
Iiim that takes." 

Eegard the matter as we will, however, the facts 
remain. Nearly 40,000 species of animals and jilants ' 
have been added to the Systema NaturiB by palteonto- , 
logical research. This is a living population equivalent 
to that of a new continent in mere number ; equivalent 
to that of a new hemisphere, if we take into account the 
small population of insects as yet found fossil, and tlie 
large proportion and peculiar organization of many of 
Ihe Vcrtebrata, 

But, beyond this, it is perhaps not too mucli to say- 
that, except for tlie necessity of interpreting palseonto- 
lijgical facts, the laws of distribution would have received ' 
less careful study ; while few compaiative anatomists 
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(and those not of the first order) woiilil have 
induced by mere love of detail, as such, to stady t 
miautiffi of osteology, were it iiot that in such minuti 
lie the only keys to the most interesting riddles o&ac' 
l>y the extinct animal world. 

These assuredly are great and Bolid gains. Surcly-I 
is matter for no small congratulation that in half a ceri 
tuiy (for palaeontology, though it dawned earlier, came 
into full day only with Cuvier) a subordinate branch of 
biology should have doubled the value and the interest 
i>f the whole group of sciences to which it belongs 

But this is not alL Allied with geology, palieon- 
tology has established two laws of inestimable import^ 
ance : the first, that one and the same area of the earth's 
surface has been successively occupied by very difTi-i-ent 
kinds of living beings; the second, that the order of 
succession established in one locality holds good, approxi- 
mately, in alL 

The first of these laws is universal and irreversible ; 
(he second is an induction from a vast number of 
olnwrTations, though it may possibly, and even pro- 



bably, have to admit of exceptions. As a consequence 
of tliQ second law, it follows that a peculiar relation 
frequently subsists between series of strata, containing 
organic remains, in different localities. The series 
ixjsomblo one another, not only in vix'tue of a general 
roseniblance of the organic remains in the two, but also 
in virtue of a re-?omhkince in the order and eharactc-r 
f f the serial sneccssion in each. There is a resemblancu 
of aiTangemeut ; so that the separate terms of each scries, 
OS Well as the whole series, exhibit a correspondence. 

SuL-erssion implies time ; the lower members of a 
^nes of sedimentary rocks are certaiidy older than 
.^ tipper ; and when the notion of age was once 
IjWwoclucerl as the equivalent of succession, it was no 
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wonder tliat correspondence in succession came to be 
looked upon as cotrespondeace in age, or " contem- 
poraneity." And, indeed, so long as relative age only 
is spoken of, correspondence in succession in correspon- 
dence in age ; it is relative contemporaneity. 

But it would have been very much better for geology 
if BO loose and ambiguous a word as " contemporaneous " 
had been excluded irom her terminology, and if, in its 
stead, some term expressing similarity of serial relation, 
and excluding the notion of time altogether, had been 
employed to denote correspondence in position in two 
or more series of strata. 

In anatomy, where such correspondence of position 
has constantly to be spoken of, it is denoted by the 
word " homology " and lis derivatives ; and for Geology 
(which after all is only the anatomy and physiology 
of the earth) it might be well to invent some single 
word, such as "homotaxis" (similarity of order), io 
order to express an essentially similar idea. This, how- 
ever, has not been done, and most probably the inquiry 
will at once be made — To what end burden science witli 
a new and strange term in place of one old, famihar, 
and part of our common language 1 

The reply to this question will become obvious as 
the inquiry into the results of palisontology is pushed 
further. 

Those whose business it is to acquaint themselves 
specially with the works of paleeontclogists, in fact, 
will be fully aware that very few, if any, would rest 
satisfied with such a statement of the conclusions of 
their branch of biology as that which has just been 
given. 

Our standard repertories of palasontology profess to 
teach us far higher things — to disclose the entire sac- 
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I of living forms npon llic surfaoj of the gld 
to tell 03 of a wholly different distribution of clia 
conditions in ancient times; to reveal the ch; 
of the first of all living existences ; and to txace j 
the law of progress from them to us. 

It may not be unprofitable to bestow on these ] 
fessions a somewhat more critical examination 
they hare hitherto received, in order to ascertain 1 
far they rest ou an irrefiragable basis ; or whetlier, i 
all, it might not be well for paljeontologista to } 
a little more carefully that scientific "ars artium," 
art of saying *'I don't know." And to this end! 
us define somewhat more exactly tie extent of 1 ' 
pretensions of palBeontology. 

Every one is aware that Professor Bronn's "Und 
suchungen" and Professor Pictet'a "Traitd de PalA 
tologic" are works of standard authority, famiT 
consulted by every working palaeontologist. It is da 
able to speak of these excellent books, and of tl 
distingniahed authors, with the utmost respect, and 
a tone as far as possible removed from carping criticia 
indeed, if they are specially cited in tliis place, ilg 
merely in justification of the assertion that the folld 
ing propositions, which may be found impliciliy, j 
explicitly, in the works in question, are regarded ] 
the mass of palfeontologists and geologists, not < 
on the Continent but in this country, as express 
some of the best-established results of pal^ontoloj 
Thus :— 

Animals and plants began their existence togetll 

not long after the commencement of the deposition! 

le sedimentary rocks ; and then succeeded one anotlf 

V such a manner, that totally distLnct faume and flt^ 

iupied the whole surface of the earth, one after i 

ler, and during distinct epochs of time. 
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A geological fomiation is the sum of all the strata 
deposited over the whole surface of the earth during 
one of these epochs : a geological fauna or flora ia the 
sum of all the species of animals or plants ^phieh 
occupied the whole surface of the globe, during one 
of these epochs. 

The population of the earth's surface was at first 
very similar in all parts, and only from the middle of 
the Tertiary epoch onwards, began to show a distinct 
distribution in zones. 

The constitution of the original population, as well 
as the numerical proportions of its membera, indicates 
a warmer and, on the whole, somewhat tropical climate, 
which remained tolerably equable throughout tke year. 
The subsequent distribution of living beings in zones 
is the result of a gradual lowering of the general 
temperature, which first began to be felt at the 
poles. 

It is not now proposed to inquire whether these 
doctrines are tnjc or false ; Lut to direct your atten- 
tion to a much simpler though very essential preliminary 
question — What is their logical basis? what are the 
fundamental assumptions upon which they all logically 
depend? and what is the evidence on which those 
fundamental propositions demand our assent ? 

These assumptions are two : the first, that the com- 
mencement of the geological record is coeval with the 
commencement of life on the globe ; the second, that 
geological contemporaneity is the same thing as chrono- 
logical synchrony. "Without the first of these assump- 
tions there would of course be no ground for any 
statement respecting the commencement of life ; with- 
out the second, all the other statements citfid, every 
one of which implies a knowledge of the sta.te of 
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different parts of the earth at one and the same tiffl 
will be no less devoid of demonstration. 

The first assumption obviously rests entirely on 
negative evidence. This is, of course, the only evidence 
that ever cau be available to prove the commencement 
of any series of phcenomena ; but, at the same time, 
it must be ^ recollePted that the value of negative 
evidence depends entirely on the amount of positive 
corroboration it receives. If A. B. wishes to prove an 
alibi, it is of no use for him to get a thousand witnesses 
simply to swear that they did not sec him in such 
and such a place, unless the witnesses are prepared 
to prove that they must have seen him had he been 
there. But the evidence that animal life commenced 
with the Lingula-flags, e.g., would seem to be eijictly 
of this unsatisfactoiy uncorroborated sort. The Cam- 
brian witnesses simply swear they "haven't seen any- 
body their way ; " upon which the counsel for the 
other side immediately puts in ton or twelve thousand 
feet of Devonian sandstones to make oath they never 
saw a fish or a mollusk, tliough all the world knows 
there were plenty in their time. 

But then it is urged that, though the Devonian 
rocks in one part of the world exhibit no fossils, in 
another they do, while the lower Cambrian rocks no- 
where exhibit fossils, and hence no hving being could 
have existed in their epoch. 

To this there are two replies : the first, that the 

observational basis of the assertion that the lo^wcst 

rocks are nowhere fossilifcrous is an amazingly small 

one, seeing how very small an area, in comparison to 

i that of the whole world, has yet been fully searched ; 

I'the second, that the argument is good for nothing unless 

i'the unfossihferous rocks in question wore not only 

^ eontemj)omncous in tlie geological sense, but sijnchronoua 
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in tliG cbronological sense. To use the alihi illustration 
again. If a man ■wishes to proTfe he was in neither 
of two places, A and B, on a given day, hia witnesses 
for each place must be prepared to answer for the 
■whole day. If they can only prove that he ivaa not 
at A in the inorniiig, and not at B in the afternoon, 
the evidence of his absence from both is nil, because 
he might have been at B in the morning and at A in 
the afternoon. 

Thus everything depends upon the validity of the 
second assumption. And we must proceed to inquire 
what is the real meaning of the word " contemporaneous" 
aa employed by geologists. To this end a concrete 
example may be taken. 

The Lias of England and the Lias of Germany, the 
Cretaceous rocks of Britain and the Cretaceous rocks 
of Southern India, ai-e tenoed by geologists "contem- 
poraneous " formations ; but whenever any thoughtful 
geologist is asked whether he means to say that they 
were deposited synchronously, he says, "No, — only 
within the same great epoch." And if, in pursuing 
the inquiiy, he is asked what may be the approximate 
"Value in time of a " great epoch " — whether it means 
a hundred years, or a thousand, or a million, or ten 
million years — his reply is, "I cannot telL" 

If the further question be put, whether physical 
geology is in possession of any method by which the 
actual synchrony (or the reverse) of any two distant 
deposits can be ascertained, no such method can be 
heard of ; it being admitted by all the best authentic a 
that neither simdarity of mineral composition,nor of 
physical character, nor even direct continuity of stratum, 
are absolute proofs of the synchronism of even approxi- 
mated sedimentary strata : whUe, for distant deposits, 
there Bccms to be no liind of physical evidence attain- 
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able of a nature competent to decide ■wliptlier such 
tleposits were fonned" simultaneously, or wlietlier they 
possess any given difference of antiquity. To return 
to an example already given. All competent autLoritiea 
will probably assent to the proposition that physical 
geology does not enable us in any way to reply to 
this question — "Were the British Cretaceous rocks depo- 
sited at the same time as those of India, or are they a 
ndllion of years younger or a milhon of years older ? 

Is palseontolony able to succeed where physical 
geology fails ? Standard writers on palieontology, as 
has been seen, assume that she can. They take it for 
granted, that deposits containing similar oiganic remaina 
are synchronous — at any rate in a broad sense; and 
yet, those who wll study the eleventh and twelfth 
chapters of Sir Henry De la Beche's remarkable "Re- 
searches in Theoretical Geology," puhllshed now nearly 
thirty years ago, and will ciuTy out the argumcnte 
there most luminously stated, to their logical conse- 
qences, may very easdy convince themselves that 
even absolute identity of organic contents is no proof 
of the synchrony of deposits, while absolute diversity 
is no proof of ditiercnce of date. Sir Henry De la 
Bcche goes even further, and adduces conclusive evidence 
to show that the different parts of one and the same 
stratum, having a similar composition throughout, con- 
taining the samo organic remains, and having similar 
beds above and helow it, may yet differ to any con- 
iieivable extent in age. 

Edward For!jc5 was in the habit of asserting that 
tile similarity of the organic contents of distant fonna- 
liuns was "primd facie evidence, not of their similarity, 
but of their difference of age ; and holding as he did 
the doctrine of single specific centres, the conclusion 
1 waa as legitimate as any other ; for the two district 
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must have been occupieii by migration from one of the 
two, ox from an intermediate spot, and the cliancea 
against exact coincidence of migration and of imbedding 
are infinite. 

In point of fact, however, whether the hypothesis 
of single or of multiple specific centres be adopted, 
similarity of organic contents cannot possibly afford 
any proof of the synchrony of the deposits which 
contain them ; on the contrary, it is demonstrably 
compatible with the lapse of tlie most prodigious 
intervals of time, and with interposition of vast changes 
in the organic and inorganic worlds, between the epochs 
in which such deposits were formed. 

On what amount of similarity of their faunas is the 
doctrine of the contemporaneity of the European and 
of the North American Silurians based ? In the last 
edition of Sir Charles Lyell's "Elementaiy Geology" 
it is stated, on the authority of a former President of 
this Society, the late Daniel Sharpe, that between 
30 and 40 per cent, of the species of Silurian MoUusca 
are common to both sides of the Atlantic. By way 
of due allowance for further discovery, let us double 
the lesser number and suppose that tiO per cent, of 
the species are common to the North American aud 
the British Silurians. Sixty per cent, of species in 
common is, then, proof of contemporaneity. 

Now suppose that, a million or two of years hence, 
when Britian has made another dip beneath the sea 
and has eomc up again, some geologist applies this 
doctrine, in comparing the strata laid bare by the 
upheaval of the bottom, say, of St. George's Channel 
with what may then remain of the Suffolk Crag. 
Reasoning in the same way, he will at once decide 
the Suffolk Crag and the St. George's Channel beds 
to be coutemiwrancoua ; although we happen to know 
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that a vast period (even in tlie geological sense) 
time, and pliysical changca of almost unpcccedentel 
extent, separate the two. 

But if it be a demonstraHo fact that strata coit_ 
taining more than 60 or 70 per cent, of species of 
Mollusca in common, and comparatively close together, 
may yet be separated by an amount of geological time 
auffieient to allow of some of the greatest physical 
changes the world has seen, what becomes of that 
Bort of contemporaneity the sole evidence of which 
is a similarity of faeies, or the identity of half a dozotfB 
species, ot of a good many genera ? M 

And yet there ia no better evidence for the contendfl 
poraneity assumed by all who adopt the hypothesoB 
of universal faun^ and florie, of a universally unifoi^H 
climate, and of a sensible cooling of the globe durinfl 
geological time. jH 

There seems, then, no cacajie from the admission thajB 
neither physical geology, nor paleeontology, posscsseM 
any method by which tJie absolute synchronism of tww 
strata, can be demonstrated. All that geology cafl 
prove ia local order of succession. It is mathematicaln| 
certain that, in any given verticitl linear section of ^U 
undisturbed Beries of sedimentary deposits, the bsfl 
which lies lowest is the oldest. In any other vertical 
linear section of the same series, of course, correspondiiaB 
beds will occur in a similar order ; but, however grenB 
may be the probability, no man can say with absolu^| 
certainty that the beds in the two sections were fijlfl 
cbronously deposited. For areas of moderate eztcofl 
ib is doubtless true that no practical evil is likely tiB 
^nult from assuming the corresponding beds to 1» 
^^■chronous or strictly contcmporaneons ; and theifl 
^^m multitudes of accessory circumstances which man 
^^w justify the assumption of such synchrony. Bi^l 
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the moraent the geologist has to deal with large areas, 
or with comjiktely separated deposits, the mischiel' 
of confounding that "homotaxis" or "similarity of 
firrang^mcnt," which can be demonstrated, with " syn- 
chrony" or "identity of date," for which there ia not 
a shadow of proof, under the one common term ol' 
'contemporaneity" becomes incalculable, and proves 
the constant source of gratuitous speculations. 

For anything that geology or paleontology are able 
to show to the contraiy, a Devonian fauna and flora 
'in the British Islands may have been contemporaneous 
with Silurian life in North America, and with a Car- 
boniferous fauna and flora in Africa. Geographical pro- 
vinces and zones may have been as distinctly marked in 
the PaliEozoic epoch as at present, and those seemiugly 
sudden appearances of new genera and species, which we 
ascribe to new creation, may be simple results of migration. 

It may be so ; it may be otherwise. In the present 
condition of our knowledge and of our methods, one 
verdict — "not proven, and not proveable"— must be 
recorded against all the grand hypotheses of the palseon- 
tologist respecting the general succession of life on the 
globe. The order and nature of terrestrial life, as a 
whole, are open questions. Geology at present provides ., 
us with most valuable topographical records, but she , 
has not the means of woi'king them into a 'universal 
histoiy. la such a universal history, then, to be regarded , 
as unattainable ? Are all the grandest aud most in- 
teresting problems which offer thenieelves to the 
geological student essentially insoluble 1 Is he in the 
position of a scientific Tantalus — doomed always to 
thirst for a knowledge which he cannot obtain ? The 1 
reverse is to be hoped ; nay, it may not be impossible 
to indicate the source whence help will come. J 

Li commencing these remarks, menlion was made of , 
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llie great obllgatioim under which the iiaturalist lies 1 
t!io geologist ami paliefintologist. Assuredly the tim 
will come when tlicse obligations will lie repaid tt'ufold,! 
and wiiPii the maze of the world's past history, throtigb 1 
wliich the pure geologist and the pure palEcontolo^isM 
(iud no guidance, will he securely threaded by the clunl 
fumiahed hy the naturalist. ' 

All who arc compctt'Ut to express an opinion on the 
Buhject are, at present, n^-jrccd tliat the manifold varieties 
I'f aniinul and vegetable form Iiave not either come into 
existence l>y chance, nor result from capricious exertions J 
of creative power; but that tbey have taken place ia d 
definite order, the statement of which order is wha 
men of 8cience term a natural law. Whether such ; 
law is to be regarded as an expression of the mode of J 
operation of natural forces, or whether it is simply 8 
statement of the manner in which a supernatural powei 
has thought fit to act, is tt secondary question, so Ions 
as the existence of the law and the possibihty of its 
discovery by the human intellect are granted. But he 
must be a half-hearted philosopher who, believing in 
that possibility, and having watched the gigantic strides 
of the biological sciences during the last twenty years, j 
doubts that science will sooner or later make this furtheij 
step, 80 as to become possessed of the law of evolution, 
of organic forms — of the unvarj'ing order of that great 
chain of causes and cflects of which all organic forma, 
ancient and modern, are the linka And then, if eveii 
we shall be able to begin to discuss, with profit, 
questions respecting the commencement of life, and the^ 
nature of the successive populations of the globe, ■whic] 
pmany seem to think are already answered. 

i preceding arguments make no particular claim l 
elty ; indeed they have been floating more ot leaj 
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disliuctly before the minda of geologists for the last 
thirty years ; and if, at the present time, it has seemed 
desirable to give tliem more definite and systematic 
expression, it is because palajoutology ia every day 
assuming a greater importance, and now requires to 
rest on a basis the firmness of which is thoroughly well 
assured. Among its fundamental conceptions, there 
must be no confusion between what is certain and 
what is more or less probable.' But, pending the 
construction of a surer foundation than paleontology 
now possesses, it may be instructive, assuming for tlie 
nonce the general correctness of the ordinary hypothesis I 
of geological contemporaneity, to consider whether the , 
deductions which are ordinarily drawn from the whole , 
body of pala3ontological facta are justifiable. 

The evidence on which such conclusions are based is I 
of two kinds, negative and positive. The value of ■ 
negative evidence, in connexion with this inquiry, has i 
been BO fully and clearly discussed in an address from i 
the chair of this Society,^ which none of us have 
forgotten, that nothing need at present be said about I 
it ; the more, as the considerations which have been 
laid before you have certainly not tended to increase 
your estimation of such evidence. It will be preferable 
to turn to the positive facts of palEeontology, and to 
inquire what they tell us. 

We are all accustomed to speak of the number and 
the extent of the changes in the living population of j 
the globe during geologicsJ time as something enormous ; ] 
and indeed they are so, if we regard only the negative 1 
differences which separate the older rocks from the J 
more modern, and if we look upon specific and generio J 

' "Le plus grand BCrvice qu'on piiissc rcndre k la science est d'y fiiire pUca I 

nette avant d'y rien conalruire." — (.'[tvier. I 

' Anniversary Address tor lf!51, Qiiiirt. Joum. Geol. Soe. vot viL I 
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changes as great changes, wLich from one point t 
they truly are. But leaving the negative differences 
out of cousideration, and lookbg only at the positive 
lUita fumisUed by the fossil world from a broader point 
iif view — from that of the comparative anatomist who 
lias made the study of the greater modifications of 
animal form his chief business — a surprise of another 
hind dawns upon the mind ; and under this aspect thO' ' 
smallncss of the total change becomes as astonishing i 
woa its greatness under the other. 

There are two hundred known orders of plants ; ( 
these not one is certainly known to exist escluaiveljl 
in the fossil state, The whole lapse of geolo^eal tin; "' 
lias as yet yielded not a single new ordinal type i 
vegetable structure.' 

The positive change in passing from the recent to t 
ancient animal world is gi-eater, but still singularly*J 
email. No fossil animal is so distinct from those now<fl 
living as to require to be arranged even in a separate* 
class from those which contain existing forms. It f 
only when we come to the orders, which may bft« 
roughly estimated at about a hundred and thirty, thaif 
we meet with fossil animals so distinct fiom those nowji 
living as to require orders for themselves ; and these Aom 
not amount, on the raost libci'al estimate, to more thaji'a 
about 10 per cent of the whole. 

There is no certainly known extinct order of ProtozoajJ 
there is but one among the Ccelenterata — that of tfc ' 
rugose corals ; there is none among the !Mollusea ; thei 
are three, the Cystidea, Blastoidea, and Edrioasterida^ 
among the Echinoderms ; and two, the Trilobita anw 
Eurypterida, among the Crustacea ; making altogether"" 
live lor the great sub-kingdom of Annulosa. Among 

• See Hooker's " Inlrodiictoij EsMy to tl.e Flora of Titsniania," 
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Vei-tcbratGs tLore ia no ordmally distinct fossil fish; 
there is ouly one extinct order of Amphibia — the Laby- 
rinthodonts ; but there are &t least four distinct orders 
pf Reptilia, viz. the Ichthyosauria, Plesiosauria, Ptero- 
sauria, Dinosauria, and perhaps another or two. There 
is BO known extinct order of Birds, and no certainly 
known extinct order of Mammals, the ordinal distinct- 
ness of the " Tosodontia " being doubtful. 

The objection that broad statements of this kind, after 
all, rest largely on negative evidence ia obvious, but it 
has less force than may at first be supposed ; for, as 
might be expected from the circumstances of the case, 
we possess more abundant positive evidence regarding 
Fishes and marine MoUuaks than respecting any other 
forms of animal life ; and yet these ofler us, through the 
whole range of geological time, no species ordinarily 
distinct from those now living; while the fur less 
numerous class of Echinoderms presents three, and the 
Crustacea two, such ordera, though none of these come 
down later than the Palaiozoic age. Lastly, the Keptilia 
present the extraordinary and exceptionid phrenomenon 
of as many extinct as existing orders, if not more ; the 
four mentioned maintaining their existence from the 
Lias to the Chalk inclusive. 

Some years ago one of your Secretaries pointed out 
another kiud of positive palseontological evidence tend- 
ing towards the same conclusion — aftbrded by the 
existence of what he termed "persistent typos" of vege- 
table and of animal life.^ He stated, on the authority 
of Dr. Hooker, that there are Carboniferous plants which 
appear to be gcnerically identical with some Ufiw living ; 
that the cone of the Oohtic AraucaTia ia hardly distiu- 

* See the alistrnct of a Lecture " On tlie Pcraistci.t Typea nf Antinal Lift, 
ni the " Kotiees of tlie Meetinjpi ol tlie llo^rtl LiatiLiitioQ of Great Biil^in," 
—June 3, \.Bl% i&l. ci. p. 15!. 



I 



LiT SBnjtoys, M)nnESSES, axd refieifs. 



1 

s in the^l 



gaisliable from that of an cxistiug species ; that i 
I'inus appears in the Purbecks, and a Juglans i 
Chalk ; while, from the Bagshot Saiids, a lianlcsia, the 
wood of which is not distinguishable from that of speciea 
now living in Australia, had been obtained. I 

Turning to the animal kingdom, he affirmed the taba4 
late corals of tlie Silurian rocks to be wonderfully likd 
those which now exist ; while even the families of theJ 
Aporoaa were all represented in the older Mesozoiol 
rocks. 

Among the Mollusca similar facts M"cre adduccdi 
Let it be borne in mind that Avicula, Mytaih, Chitovi 
Naiica, Patella, Trochus, Discina, Orblcula, Lingulck 
Ithynchonella, and Xautilus, all of which are existina 
genera, are given without a doubt as Silurian in tlu 
last edition of " SUurLa ; " while the highest forms q 
the highest Cephalopods arc represented in the Liaa bjl 
a genus, Belemnoteuihis, which presents the closest i 
tion to the existing Loligo. 

The two highest groups of the Annulosa, the In3e< 
and the Arachnids, are represented in the Coal, eitiid 
by existing genera, or by forms difiering from existinJ 
genera in quite minor peculiarities. 

Turning to the Vertebrata, the only pala30zoic Elas- 
mobranch Fish of which we have any complete know- 
ledge is the Devonian, and Carboniferous Phuracantku. 
which difi'ers no more fi'om existing Sharks than thi 
do from one another. 

Again, vast as is the number of undoubtedly Ganoid 
fossil Fishes, and gi'eat as is their range in time, a largi 
mass of evidence has recently been adduced to show tha 
almost all those respecting wMeh we possess sufficient^ 
information, are referable to the same sub-ordinal groups 
as the existing Lepidosteus, Polypterus, and Sturgeon ; 
. that a singular relation obtains between the older. ■ 
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and the younger Fishes ; the fonner, the Devonian 
Ganoids, being iilmost all members of the same sub-order 
as Poh/pterus, while the Mesozoic Ganoida are almost 
all similarly allied to Lepidosteus} 

Again, what can be more remarkable than the singular 
constancy of structure preserved throughout a vast period 
of time by the family of the Pycnodonts and by that 
of the true Coslacantbs : the former persisting, with but 
Ansignificant modifications, from the Carboniferoua to the 
Tertiary rochs, inclusive ; the latter existing, with still 
less change, from the Carbouiferous rocks to the Chalk 
inclusive ? 

Among Reptiles, the highest living group, that of the 
Crocodilia, is represented, at the early part of the Mesozoic 
epoch, by species identical in the essential characters of 
their organization with those now living, and difiering 
from the latter only in such matters as the form of the 
articular facets of the vertebral centra, in the extent 
to which the nasal passages are separated from tic 
cavity of the mouth by bone, and in the proportions 
of the liinb.9. 

And even as regards the Mammalia, the scanty 
remains of Triassic and Oolitic species afford no founda- 
tion for the supposition that the organization of the 
oldest forms differed nearly so much from some of those 
which now live as these differ from one another. 

It is needless to multiply these instances ; enough has 
been said to justify the statement that, in view of the 
immense diversity of known animal and vegetable forms, 
and the enormous lapse of time indicated by the accumu- 
lation of foffiiliferous strata, the only circumstance to be 
wondered at is, not that the changes of life, as exhibited 

' "Memoira al th? Geo'ogieal SutTcy of tlio United Kingdom. — Decade X. 
Prelim iniiry 'Esttnj upoi: ihe SystemaLio Amogemciit of the fishes of the 
Derooian Epoch." 
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hj positive eviilcncc, have be-ju so great, but tL; 
have bucu &o small. 

Be llicy great or small, however, it is desirable 
uttcmpt to estimate them. Let us, therefore, take each 
great division of the animal world in succession, and, 
whenever an order or a family can be shown to have 
liad a prolonged existence, let us endeavour to ascertain 
how far the later members of the group differ from the 
iriulier ones. If these later members, in all or in many 
cases, exhibit a certain amount of modification, the fact 
is, so far, evidence in favour of a general law of change ; 
and, in a rough way, the rapidity of that change -will bo 
measured by the demonstmble amount of modificatioiu 
On the other hand, it must be recollected that 
absence of any modification, . whde it may leave 
doctrine of the existence of a law of change withou? 
fxjsitive support, cannot possibly disprove all forms of 
lliat doctrine, though it may atfoid a sufficient refuta- 
tion of many of them. 

The PitOTOZOA. — The Protozoa are represented througM 
out the whole range of geological series, fi'om the Lowa 
SUnrian formation to the present day. The most 
ancient forma recently made known by Ehrenberg are 
exceedingly like those which now exist : no one has ever 
pretended that the difference between any ancient and j 
any modern Foraminifera is of more than generic valatfd 
nor are the oldest Foraminifera either simpler, mor; 
embryonic, or less differentiated, than the existing fori 

The CffiLENTEHATA. — The Tabulate Corals have existe 
from the Silurian epoch to the present day, but I am noj 
aware that the ancient Ileliolites posaessea a single matli 
of a more embryonic or less differentiated character, oi^ 
less high organization, than the existing Heliopm-a, AbJ 
fur the Aporoae Corals, in what respect is the Silarianl 
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Pal(FO(n/chis less liighly organized or more cititryonie 
ttan the modera Fanr/ia, or the Liassic Aporosa than 
the existing membera of the same families ? 

I'he Mollusca. — In what sense is the living Wald- 
heimia lesa embryonic, or more specialized, than the 
pnlffiozoic Spirifer; or the ex^istiug likj/nchonellcB, Cra- 
nice, DiscincB, Lingults, than the Silurian spccioa of the 
same genera ? In what sense can Loligo or Spirula 
be said to be more specialized, or less embryonic, than 
Belemnites ; or the modern species of Lamellibranch and 
Gasteropod genera, than the Silurian species of the same 
genera ? 

. TheAsNULOSA, — The Carboniferous Inseetaand Arach- 
nida are neither less specialized, nor more embryonic, 
than those that now live, nor are the Liassic Cirripedia 
and Maerura ; while several of the Braehyura, which 
appear in the Chalk, belong to existing genera ; and 
none exhibit either aa intermediate, or an embryonic, 
character. 

The Vertebrata. — Among fiahea I have referred to 
the Ccelacanthini (comprising the genera Ctelacanthus, 
Holophagus, Undina, and Macropoma) as affording an 
example of a persistent type ; and it is most remarkable 
to note the smallness of the differences between any of 
these fishes" (affecting at most the proportions of the 
body and fins, and the character and sculpture of the 
scales), notwithstanding their enormous range in time 
In all the essentials of its very peculiar structure, the 
Macropoma of the Chalk is identical with the Ccelacan- 
thus of the Coal. Look at the genus Lcpidotus, again, 
- persisting without a modification of importance from the 
Liassic to the Eocene formations inclusive. 

Or among the Teleostei — in what respect is the Beryx 
of J:be Chalk more embryonic, or less differentiated, than 
Beryx lineatus of King George's Sound 1 
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Or to turn to tLe higher Vertebrata — in what sem 
are the Liassic Chelonia inferior to those which now 
exist ^ How arc the Cretaceous Ichthyosauria, Flesio^ 
sauna, or Pterosauria less embryonic, or more diffei^ 
entiated, species than those of the Lias ? 

Or lastly, in what circumstance is the Phascolotkeriun 
more embryonic, or of a more generalized type, than thffl 
modern Opossum ; or a Lophiodon, or a Palepolherium 
than a modern Tapirus or Ilijrax ? 

These examples might be almost indefinitely multi-^ 
jilicd, but surely they are sufficient to prove that the 
only safe and nnquestionable testimony we can procure 
— positive evidence — fails to demonstrate any sort of 
progressive modification towards a less embryonic, or less 
generalized, type in a great many groups of animala of 
long-continued geological existence. lu these groups 
there is ahundaut evidence of variation— none of what 
ia ordinarily understood as progression ; and, if the 
linown geological record is to be regarded as even any 
considerable fragment of the whole, it is inconceivable 
tliat any theoiy of a necessarily progressive development 
can stand, for the numerous ordei-s and famiHes cited 
afford no trace of such a process. 

But it is a most remarkable fact, that, while thfl 
groups which have been mentioned, and many beside! 
exhibit no sign of progressive modification, there : 
others, co-existing with them, under the same condition^ 
in which more or less distinct indications of such 
process seem to be traceable. Among such indicationi 
I may remind you of the predominance of HolostonuN 
Gasteropioda in the older rocks as compared with that or 
Siphonostome Gasteropoda in the later. A case less open 
to the objection of negative evidence, however, is that 
afforded by the Tetrabranchiate Cephalopoda, the forms 
the shells and of the septal sutures exhibiting 
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certain increase of complexity in the newer genera. 
Here, however, one is met at once with the occurence 
of Orihoceras and Baculites at the two ends of the 
series, and of the fact that one of the simplest genera, 
Nautilus, is that which now exists. 

The Crinoidea, in the abundance of stalked forms in 
the ancient formations as compared with their present 
rarity, seem to present us with a fair ease of modification 
from a more embryonic towards a less embryonic con- 
dition. But then, on careful consideration of the facts, 
the objection arises that the stalk, calyx, and arms of 
the palieozoic Cricoid are exceedingly different from the 
corresponding organs of a larval Comatula ; and it might 
with perfect justice be argued that Actinocrinus and 
Eucahjplocrinus, for example, depart to the full as 
widely, in one direction, from the stalked embryo of 
Comatula, as Comatula itself does in the other. 

The Ecliinidea, again, are frequently quoted aa ex- 
hibiting a gradual passage from a more generalized to a 
more specialized type, seeing that the elongated, or oval, 
Spatarigoids appear after the spheroidal Eehinoida. But 
here it might be argued, on the other hand, that the 
spheroidal Echinoids, in reality, depart further from the 
general plan and from the embryonic form than the 
elongated Spatangoids do ; and that the peculiar dental 
apparatus and the pedicellarije of the former are marks 
of at least as great differentiation as the petaloid ambu- 
lacra and semitas of the latter. 

Once more, the prevalence of JIacmroua before Bra- 
chyurous Podophthalmia is, apparently, a fair piece of 
evidence in favour of progressive modification in the 
same order of Crustacea ; and yet the case will not 
stand much sifting, seeing that the ilacrurous Podoph- 
thalmia depart as far in one direction fi-om the common 
type of Podophthalmia, or from any embryonic condition 
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of the Eracliyura, as the Brachyura do in the otheq 
find that the middle terms between Macrura 
Brachyiira — the Anomm-a — are little better represeni 
in the older Mesozoic rocks than the Brachyura are. 
None of the cases of progressive modification " 
are cited from among the Invertebrata appear to i 
liave a foundation less open to criticism than these _ 

if this be so, no carefnl rcasoncr would, I think, be in- 
clined to lay very great stress upon them. Among the 
Vertcbrati, however, there are a few examples which 
appear to be far less open to objection. ~ 

It is, in fact, true of several groups of Vcrtehi 
which have lived through a considerable range of tii 
that tlio cndoskelcton (more particularly the spi 
column) of the older genera presents a less ossified, i 
so far, less differentiated, condition than that of 
younger genera. Thus the Devonian Ganoids, thougl 
almost all members of the same sub-order as Poli/pteriis, 
and presenting numerous important resemblances to the 
esistiiig genus, which possesses biconcave vertebrse, i 
for the most part, wholly devoid of ossified vertel 
centra. The Mesozoic Lepidosteidaj, again, have, atnu 
biconcave vertebras, while the existing Lepidosteus 
Salamandroid, opisthocoslous, vertebrce. So, none of 
Palasozoie Sharks have shown themselves to be possei 
of ossified vertebrEo, while the majority of modi 
Sharks possess such vertebrae. Again, the more ancii 
Crocodilia and Lacertilia have vertebras with the artiei 
^cets of their centra flattened or biconcave, w] 
lodern members of the same group have thi 
Kjcelous. But the inost remarkable examples 
EOgressive modification of the vei-tebral column, in < 
iepondence with geological age, are those aflbrded 
\r Pyenodonta among fish, and the Labyrinthodo] 
Bong Amphibia, 
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TliG late able ichthyologist Heckel pointed out the 
fact, that, while the Pyenodonts never possess true ver- 
tebral centra, they difler in the degree of expansion and 
extension of the ends of the bony arches of the vertebrna 
upon tho sheath of the notochotd j the Carboniferous 
forma exhibiting hardly any such expansion, while the 
Mesozoic genera present a greater and gi-eater develop- 
ment, until, in the Tertiary forms, the expanded ends 
become suturally united so as to form a sort of false ver- 
tebra. Hermann von Meyer, again, to whose luminous ; 
researches we are indebted for our present large know- 
ledge of the organization of the older Labyrinthodonts, 
has proved that the Carboniferona Archegosaurus had 
very imperfectly developed vertebral centra, while the i 
Triassic Mast^donsaurus had the same parts completely | 



The regularity and cveoness of the dentition of the ' 
Anoplotherium, as conti-asted with that of existing 
Artiodaetyles, and the assumed nearer approach of the 
dentition of certain ancient Carnivores to the typical 
arrangement, have also been cited as exemplification'i of I 
a law of progressive development, but I know of no | 
other cases baaed on positive evidence which are worthy 
of particular notice. 

What then docs an impartial siurvey of tlie positively i 
ascertained truths of palieontology testify in relation to I 
the common doctrines of progressive modification, which I 
suppose that modification to have taken place by a ne- I 
cessary progress from more to less embryonic forms, or ' 
from more to less generalized typos, within the limits of I 
the period represented by the fossiliferous rocks ? 

It negatives those doctrines ; for it either shows ub 



Ii03 before me of the existeuce of a new Tjibyrinthodont (Pholiilogaitr), 
from the EdinLutgh coiil-lielil, with well-tosificil vertebral centra. 



evidence of any siieli modification, or demonstrates it to 
have been very slight ; and as to the nature of that 

modification, it yields no evidence whatsoever that the 
earlier members of any long-continued group ■\verc more 
generalized in structure than the later ones. To a certain 
extent, indeed, it may be said that imperfect ossification 
of the vertebral' column is an embryonic character; 
but, on the other hand, it would be extremely incop-J 
rect to suppose that the vertebral columns of the older 1 
Vertebrata are in any sense embryonic in their wholo 1 
structure. 

Obviously, if the earliest fossiliferous rocks now known 
are coeval with the commencement of life, and if their 
contents give us any just conception of the nature and 
the extent of the earliest fauna and flora, the insig- 
nificant amount of modification wliich can be demon- 
strated to have taken place in any one group of animals, 
or plants, is quite incompatible with the hypothesis that 
all living forms are the results of a necessary process of 
progressive development, entirely comprised within the 
time represented by the fossiliferous rocks. 

Contrariwise, any admissible hypthesis of progressive 
modification must bo compatible with persistence with- 
out progression, through indefinite periods. And should 
such an hypothesis eventually be proved to be true, in 
tlie only way in whicli it can be demonstrated, viz. by 
observation and experiment upon the existing forms of 
life, the conclusion will inevitably present itself, that the 

'EEOzoic, Mcsozoic, and Cainozoic faunse and florte, 

L together, bear somewhat the same proportion to 

vhole scries of living beings which have occupied 

i globe, as the existing fauna and flora do to them. 

Rich are the results -of palfeontology as they appear, 

{ have for some years appeared, to tlie mind of an 

who regards that study simply as one of the 
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applications of the great biological sciences, and who 
desires to see it placed upon the same sound basis as 
other branches of physical inquiry. K the arguments 
which have been brought forward are valid, probably no 
one, in view of the present state of opinion, will be 
inclined to think the time wasted which has been spent 
upon their elaboration. 
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reversal of the sentence to that higher court of educated 
scientific opinion to which we are all amenable. 

As your attorney-general for the tune being, I thought 
I could not do better than get up the case with a view 
of advising you. It is true that the charges brought 
forward by the other side involve the consideration of 
matters quite foreign to the pursuits with which I am 
ordinarily occupied ; but, in liiat respect, I am only in 
the position which is, nine times out of ten, occupied by 
counsel, who nevertheless contrive to gain their cause.", 
mainly by force of mother-wit and common sense, aided 
by some training in other inteilectual exercises. 

Ner\'cd by such precedents, I proceed to put my 
pleading before you. 

And the first question with which I propose to deal 
is. What is it to which Sir W. Thomson refers wheu he 
speaks of "geological speculation" and "Bntish popular 
geology " ? 

I find three, more or less contradictory, systems of 
geological thought, each of which might fahly enough 
claim these appellations, standing side by side in Britain. 
I shall caU one of them C.\rAsTROPHiSM, another Uni- 
FORmTAEEANisM, the tliii-d EvoLUTiosii^M ; and I shall 
try briefly to sketch the characters of each, that you may 
Bay whether the classification is, or is not, exhaustive. 

By Catasteophism, I mean any form of geological 
speculation which, in order to account for the phasnoraena 
of geology, supposes the operation of forces different in 
their nature, or immeasurably different in power, from 
those which we at present sec in action in the universe. 

The Mosaic cosmogony is, in this sense, catastrophic, 
because it assunics tlie operation of extra-natural power. 
The doctrine of violent upheavals, dchdcles, and cata- 
clysms in general, is catasti-ophic, so far as it assumes 
that these were brougbt about by causes which have 
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now no parnllol. There was a timo when cat,T3tropliu 
might, prc-omincutly, have claimed tlie title of " IJritish 
popular geology;" and assuredly it haa yet many ad- 
herents, and rijckons among its siippoitei'a some of thft 
most honoured members of this Society, 

liy UsiFORMTTAniANisM, I mean especially, tho t 
ing of Hutton and of Lyell. 

rhat great though incomplete work, *' Tho Theory of 
the Earth, seems to rae to be one of the most remarkable 
contributions to geology which is recorded in the annals 
of the science. So f;ir as the not-living world is con- 
cerned, uniforraitiirianism lies there, not only in genn, 
but in blossom and fruit. 

If one asks how it is that Hutton was led to entertain 
views so far in advance of those prevalent in his timo, in 
some respects ; while, in others, they seem almost curi- 
ously limited, the answer appears to me to be plain. 

Hutton was in advance of the geological speculation 
of bis time, because, in the first place, he had amassed a 
vast store of knowledge of the facts of geology, gathered 
by personal observation in travels of cousiderable extent ; 
and because, in the second place, he was thoroughly 
trained in tho physical and chemical science of his day, 
and thus possessed, as much as any one in his time 
eonld possess it, the knowledge which is requisite for 
the just interpretation of geological phrenomen.-i, and 
the habit of thought which fits a man for scientific 
inquiiy. 

It is to this thorough scientific training, that I ascribe 
Hutton's steady and persistent refusal to look to other 
causes than those now in operation, for the explanation 
of geological phenomena. 

Thus he writes : — " I do not pretend, as lie [M. de Lue] 
does in his theory, to describe the beginning of things. 
I take things such as I find them at present; and 
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(roni these I reason ivitli regard to that whicli must 
have been." ^ 

And again: — "A theory of the earth, ■which has for 
ohject truth, can have no retrospect to that which had 
preceded the present order of the world ; for this order 
alone ia what we have to reason upon ; and to reason 
"without data is nothing but delusion. A theory, there- 
fore, which is limited to the actual constitution of this 
earth cannot be allowed to proceed one step beyond the 
present order of things." ^ 

Aud so clear is he, that no causes beside such as are 
now in operation are needed to account for the character 
and disposition of the components of the crust of the 
earth, that he says, broadly and boldly : — " . . . There 
is no part of the earth which has not had the same 
origin, so far as this consists in that earth being collected 
at the bottom of the sea, and alterwards produced, 
as land, along with masses of melted substances, by the 
operation of mineral causes." ^ 

But other influences were at woilc upon Hutton beside 
those of a mind logical by Nature, and scientific by 
sound training ; and the peculiar turn which his specu- 
lations took seems to me to be unintelligible, unless these 
be taken into account. The arguments of the French 
a-stronomers and mathematicians, which, at the end of 
the last century, were held to demonsti'ate the existence 
of a compensating arrangement among the celestial 
bodies, whereby all perturbations eventually reduced 
themselves to oscillations on each side of a mean po- 
Bition, and the stability of the solar system was secured, 
had evidently taken strong hold of Hutton 'a mind. 

In those oddly constructed periods which seem to have 
prejudiced many persons against reading his works, but 

1 Tlio ThcoTj of tlie Er.rth, toI. l p. 173, cote. Ibid. p. 231 

» Ibid. p. 371. 
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whir-h are full of that peculiar, if unattractive, eloqucDi 
which flows from mastery of the subject, Hutton says :— 

" We have now got to the end of our reasoning ; we 
have no data further to conclude immediately from that 
which actually is. But we have got enough ; we Lave 
the satisfaction to find, that in Nature there is wisdom, 
system, and consistency. For having, in the natural 
lustory of this earth, seen a succession of worlds, we 
may from this conclude that there is a system in Nature ; 
in like maimer as, from seeing revolutions of the plaucts, 
it is concluded, that there is a system by which they are 
intended to continue those revolutions. But if the sue 
cession of ■n'orlds is established in the system of Nature, 
it is in vain to look for anything higher in the ongln of 
the earth. The result, therefore, of this physical inquiiy 
is, that we find no vestige of a beginning, — no prospect 
of an end." ' 

Yet another influence worked strongly upon Hutton. 
Like most philosophers of bis age, he coquetted with 
tJiose final causes which have been named barren virgins, 
but which might be more fitly termed the hetaira of 
philosophy, so constantly have they led men astray. 
The fiinal cause of the existence of the world ia, for 
Hutton, the production of life and intelligence. 

"We have now considered the globe of this earth 
as a machine, constructed upon chemical as well as 
mechanical principles, by which its different parts are all 
adapted, in form, in quality, and in quantity, to a certain 
end ; an end attained Vi'itb certainty or success ; and an 
end from which we may perceive wisdom, in contem- 
plating the means employed. 

"But is this world to be considered thus merely as a 
machine, to last no longer than its parts retain tlieit 
:it position, their proper forms and qualities 1 Ot 

» Tiio TLcoiJ of the Earth, vol. i p. 200. " 
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may it not be also considered as an organized body ? 
such a." has a constitution in which the necessary decay 
of the machine is naturally repaii-ed, in the exertion of 
those productive powers by which it had been formed. 

" This is the view in which we are now to examine 
the globe ; to see if there be, in the constitittion of this 
world, a reproductive operation, by which a ruined con- 
stitution may be again repaired, and a duration or 
stability thus procured to the machine, considered as a 
world sustaining plants and animals." ^ 

KJrwan, and the other Philistines of the day, accused 
Ilutton of dcchiriug that his theory implied that the 
world never had a beginning, and never differed in 
condition from its present state. Kothing could be more 
grossly unjust, as he expressly guards himself against 
any such conclusion in the following terms : — ■ 

"But in thus tracing back the natural operations 
which have succeeded each other, and mark to ua the 
course of time past, we come to a period in which we 
cannot see auy farther. This, however, is not the 
beginning of the operations which proceed in time and 
according to the wise economy of this world ; nor is it 
the establishing of that whicli, in the course of time, 
had no beginning; it is only the limit of our retrospec- 
tive view of tliose operations which have come to pass 
in time, and have been conducted by supreme intel- 
ligence." ^ 

I have spoken of Uniformitarianisra as the doctrine of 
Hutton and of Lycll. If 1 have quoted the older writer 
rather than the newer, it is because his works are little 
known, and his claims on out veneration too frequently 
forgotten, not because I desire to dim the fame of hia 
eminent successor. Few of the present generation of geo- 
logists have read Playfair's " Illustrations," fewer still tlie 
' The Tlieoiy Of the Eiirth, vo!. I pp. ]C, 17. ' ILiiL p. 2^3. 
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anginal "'ITieory of tlic Eartli;"tbc more is tJie pitjrfl 
but which of 113 lias not thumlx-d every \<asi& of iJi 
" IMuciplcs of Gcolo;^"? I think thtit ho who writ« 
fiiirly the history of his own progres3 in geologia 
thought, wUl not be able to separate his debt to Hattoi 
from hia obligations to I-yell ; and the history of 1" 
l»rogres3 of indiviJnal geologists is the history of geology 

No one can doubt that the influence of uniformitari 
views has been enormous, and, in the main, 
beneficial and favourable to the progress of Bom 
geology. - . 

KuE can it he questioned that Uu if ormita nanism 1 
even a stronger title than Catastrophisra to call itself tbi 
geological speculation of Britain, or, if you will, Bri" 
popular guology. For it is eminently a iliitiBh docti 
and has cvt?n now made comparatively little prc_ 
on the continent of Europe. Nevertheless it seems \ 
me to bo open to serious criticism upon one of ' 
aspefrts. 

I have shown how unjust was the insinuation thj 
Button denied a begimiiug to the worid. But it woi ' 
not bo unjust to say that he persistently, in practio* 
shut his eyes to the existence of that prior and diffcK^ 
state of things which, in theor)", he admitted ; and, i 
this aversion to look beyond the veil of stratified roti 
LycU follows him. 

ilutton and Lyell alike agree in their indispositi<l| 
to carry their speculations a step beyond the 
recorded in the most" ancient strata now open to obi 
vation in the crust of the earth. This is, for Hutto] 
"the point in which we cannot see any iiirthor; 
j-ell teUs us, — 

"The astronomer may find good reasons for ascribiq 
i earth's foi-m to the original fluidity of the mass, f 

mes long antecedent to the first introduction of livinj 
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beings into tlie planet ; but tlie geologist must be content 
to regard the earliest monuments which it is his task to 
interpret, as belonging to a period when the crust had 
already acquired great solidity and thickness, probably 
aa great as it now possesses, and when volcanic rocks, 
not essentially differing from those no'v produced, were 
formed from time to time, the intensity of volcanic heat 
being neither greater nor less than it is now." ^ 

And again, " As geologists, we learn that it is not only 
the present condition of the globe which has been suited 
to the accommodation of mp-iada of living creatures, but 
that many former states also have been adapted to the 
organization and habits of prior races of beings. The 
disposition of the seas, continents and islands, and the 
climates, have varied ; the species likewise have been 
changed; and yet they have all been so modelled, on 
types analogous to those of existing plants and animals, 
as to indicate, throughout, a perfect harmony of design 
and unity of purpose. To assume that the evidence of 
the beginning, or end, of so vast a scheme lies within 
the reach of our philosopliical inquiries, or even of our 
speculations, appears to be inconsistent with a just 
estimate of the relations which subsist between the finite 
powers of man and the attributes of an infinite and 
eternal Being." ^ 

The limitations implied in these passages appear to 
me to constitute the weakness and the logical defect of 
uniformitarianism. No one will impute blame to Hutton 
that, in face of the imperfect condition, in his day, of 
those physical sciences which furnish the keys to the 
riddles of geology, he should have thought it practical 
wisdom to limit his theory to an attcmjit to account for 
" the present order of things ; " but 1 am at a loss to com- 
prehend why, for all time, the geologist must be content 

* Priuciples of Geolo','y, vol. ii. p. 211. » Ibid. p. G13. 
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to regard the oldest fossiliferous rocks as the ultima^ 
Thule of his seiGnce ; or what there is inconsistent with 
the relations between the finite and the infinite mind, iu 
the assumption, that we may discern somewhat of the. 
beginning, or of the end, of this speck in space wo call 
our earth. The finite mind is certainly competent to 
trace out the development of the fowl within the egg ; 
:tud I know not on what ground it should find more 
difiiculty in unravelling the complexities of the develop- 
ment of the earth. In fact, as Kant has well remarked,^ 
the cosmical process is really simpler than the biological^ 

This attempt to limit, at a particular point, the progi 
of inductive and deductive reasoning from the thingaB 
which are, to those which were — this faithlessness to iU 
own logic, seems to me to have cost Uniformitariania 
the place, as the permanent form of geological specuJ 
Hon, ■R-hieh It might otherwise have held. 

It remains that I should put before you what J 
tinderatand to l>e the third phase of geological speculi 
iion — namely. Evolutionism. 

I shall not make what I have to say on this he« 
clear, unless I diverge, or ecem to diverge, for a whila; 
from the direct path of my discourse, so far as to expltJ 
what I take to be the scope of geology itself. I conceifll 
geology to be the history of the earth, in precisely thj 
same sense as biology is the history of living beings'j 
and I tnist you will not think that I am overpowered b 
the influence of a dominant pursuit if I say that 1 1 
a close analogy between these t^vo histories. 

If I study a living being, under what heads does 1 

' "Man darf es sieh alao niclit befrrmden lassen, wenn ich mich imteratfiTio 
/,ii sagen, diisFi elier die Bildiing alipr Hininielskorper, die Uraache ihrep 
BewMjungen, kiirz der Utsprung der ganzen (tegenwartigon VerfuBSung Ae% 
WeltMuea werden kcinneu eingeschen werden, elie die Eraau^ang einea 
einKigen Kraiites oder eiaer Raiipc ana niecImnL^clien Griinden, deiUich und 
' tollstindig knud y-nrden wird."— Kant's SHiMiiliichi Wtrlie, Bd. I. p. Sjft 
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knowlcclgc I oljtain fall 1 I can learn its structure, or I 
what we call its Anatomy ; and its Development, or 
the series of changes which it passes through to acquire 
its complete structure. Then I find that the living 
being has certain powers resulting from its own acti- 
vities, and the interaction of these with the activities of ' 
other things — the knowledge of which is Physioloov; , 
Beyond this the living being has a position in space and i 
time, which is its Distribution. All these form the i 
body of ascertainable facts which constitute the status I 
quo of tlie living creature. But these facta have their I 
causes ; and the ascertainment of these causes is the ' 
doctrine of -^Etiology. 

If we consider what is knowable about the ea,rth, we 
fihall find that such earth-knowledge — if 1 may so trans- 
late the word geology— falls into the same categories. 

^Vhat is termed stratigraphical geology is neither more ' 
nor less than the anatomy of the earth ; and the history 
of the succession of the formations is the history of a 
succession of such anatomies, or corresponds with deve- 
lopment, as distinct from generation. 

The internal heat of the earth, the elevation and 
depression of its crust, its belehings forth of vapoui-a, 
ashes, and lava, are its activities, in as strict a sense, as are 
warmth and the movements and products of respiration 
the activities of an animal. The pha-nomena of the 
seasons, of the trade winds, of the Gulf-stream, are as 
much the results of the reaction between these inner 
activities and outward forces, as are the budding of the 
leaves in spring and their fiiliing in autumn the effects 
of the interaction between the organization of a plant I 
and the solar light and heat. And, as the study of the 
activities of the living being is called its physiology, so 
arc these phoenonicna the subject-matter of an analogous 1 
telluric jihysiology, to which wo Boraetimes give 
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name of meteorology, fiometimcs that of physical ! 
graph)', sometimes that of geology. Again, the eart 
has a jilacc in space and in time, and relation* to otb^ 
bodies in both these respects, which constitute its distris 
bution. This subject is usually left to the astronomer; 
but a knowledge of its hroad outlines seems to me to lie 
an essential constituent of the stock of geological ideas. 

All that can be aseeitaincd concerning the structuro,J 
succession of conditions, actions, and position in space oH 
the earth, is the matter of fact of its natural historjid 
But, as in biology, there remains the matter of rcasonia 
from these facta to their causes, which is just as mu£ 
science as the other, and indeed more ; and this const 
tutes geological aatiology. 

Having regard to this general scheme of geologicatl 
knowledge and thought, it is obvious that geologicalj 
speculation may be, so to speak, anatomical and develop- 1 
mental speculation, so far as it relates to points of strati-r.l 
graphical arrangement which are out of reach of direct J 
observation ; or, it may be physiological speculation, aoM 
far as it relates to undetermined problems relative to tba' I 
activities of the earth ; or, it may be distriljutioual speeu--! 
lation, if it deals with modifications of the earth's place. [ 
in space ; or, finally, it will be astiological speculation, if I 
it attempts to deduce the history of the world, as 4>^ 
whole, from the known properties of the matter of thsJ 
earth, in the conditions in which the earth has been placec' 
For the purposes of the present discourse I may tak 
this last to be what ia meant by "geological speculation.* 

Kow uniforraitarianism, as we have seen, tends ta | 
ignore geological speculation in this sense altogether. 

The one point the catastrophists and the uniformi- 
tarians agreed upon, when this Society was founded, was 
to ignore it. And you will find, if you look back into 
our records, that our revered fathers in geology plumed 
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themselves a good deal upon the practical sense and 
wisdom of this proceeding. As a temporary measure, T 
do not presume to challenge its wisdom ; but in all 
organized bodies temporary changes are apt to produce 
permanent effects ; and as time has slipped by, altering 
all the conditions which may have made such mortifica- 
lion of the scientific flesh desirable, I think the effect of 
the stream of cold water which has steadily flowed over 
geological speculation within these walla has been of 
doubtful beneficence. 

The sort of geological specnlation to which I am now 
referring (geological Eetiology, in short) was created, as 
a science, by that famous philosopher Tmmanuel Kant, 
when, in XloT), he wrote his " General Natural History 
and Theory of the Celestial Bodies ; or on Attempt to 
account for the Constitution and the Mechanical Origin 
of the Universe upon Newtonian principles."^ 

In this very remarkable but seemingly little-known 
treatise,^ Kant exi^ounda a complete cosmogony, in the 
shape of a theory of the causes which have led to the deve- 
lopment of the univerae from diffused atoms of matter 
endowed with simple attractive and repulsive forces. 

" Give me matter," says Kant, " and I will build the 
world;" and he proceeils to deduce from the simple 
data from which he starts, a doctrine in all essential re- 
spects similar to the well-known "Nebular Hj'potbesis" 
of Laplace.^ He accounts for the relation of the masses 
and the densities of the planets to their distances from 
tlie sun, for the eccentricities of their orbits, for their 
rotations, for their satellites, for the general agreement 

' Grant (" History of Physical ABtro-nomj," ji, ET4) makes but the briefest 
lefewnce to Kant. 

'" Allsemoine Naturgeacliichte und Ttcorie dca H in: inch ; oJcrTerst 
fon d« Verfaaiiinfc und deni mechanischen UrHpriin<;e de.s giinieri 
biiudes nacli Newton'scheii GnindaatKcn abjreluidelt." — H.UfS'a '"' 
Wirht, Bd. i. p. 20T. 

■Systeiuf du Muiide, tonie iL cbai). 0. 
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reara. Tlie fourth section of the first part of this 
Irefitisc is called " Histoiy of the great Changes which 
the Earth has formerly undergone and is stOl undergoing," 
and is, in fact, a brief and pregnant essay upon the prin- 
ciples of geology, Kant gives an account first "of the 
gradual changes which are now taking place" under 
the heads of such as are caused by earthquakes, such 
as are brought about by rain and rivers, such as ara 
effected by the sea, such as are produced by windo 
and frost ; and, finally, such as result from the opera- 
tions of man. 

The second part is devoted to the " Memorials of the 
Changes which the Earth has undergone iu remote an- 
tiquity." These are enumerated as : — A. Proofs that 
the sea formerly covered the whole earth. B- Proofs 
that the sea has often been changed into dry land and 
then again into sea. C. A discission of the various 
theories of the earth put forward by Seheuehzer, Moro, 
Bonnet, Woodward, White, I>eibnitz, LiniiFeus, and 
Bufibn. 

The third part contains an "Attempt to give a sound 
explanation of the ancient history of the earth." 

I suppose that it would be very easy to pick holes in , 
the details of Kant's speculations, whether cosmological, j 
OP specially telluric, in their application. But, for all ' 
that, he seems to me to have been the first person to | 
frame a complete system of geological speculation by ' 
founding tlie doctrine of evolution. 

With as much truth as Hutton, Kant coidd say, "I 
take things just as 1 find them at present, and, from i 
these, I reason with regard to that which must have 
been." Like Hutton, he is never tired of pointing 
out that " in Kature there is wisdom, system, and con- 
sistency." And, as in these great principles, so in believ- 
ing that the cosmos has a reproductive operation "by 
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which a raiiicd constitution may be repaired," 
jstfills llutton ; while, on the other liantl, Kant is true to 
science. He knows no bounds to geological speculation 
but those of the intellect. He reasona back to a begin- 
ning of the present state of things; he admits the possi- 
bihty of an end. 

I Lave siiid that the three schools of geological speci 
lation which I have termed Catastrophism, Uniformi- 
tarianisin, and Evolutionism are commonly supposed to 
1)6 antagonistic to one another ; and I presume it will 
have become obvious that, in my belief, the hist is: 
destined to swallow up the other two. But it is propCTJ 
to remark that each of the latter has kept alive the toai 
ditioQ of precious truths. 

Catastrophism has insisted upon the existence of 
practically unlimited bank of force, on which the theorisi 
might draw ; and it has cherished the idea of the de- 
velopment of the earth from, a state in which its form, 
and the forces which it exerted, were very different from 
those we now know. That such difference of form aniji 
power once existed is a uccessaiy part of the doctrine 
evolution. 

Ukiformitakianism, on the other hand, has with 
equal justice insisted upon a practically unlimited bank 
of time, ready to discount any quantity of h}'pothctieal 
paper. It has kept before our eyes the power of the: 
infinitely little, ti^e being granted, and has compelled usi 
to exhaust knownfeanses, before flying to the unknown. 

To my mind there appears to bo no sort of neeessaryl 
theoretical antagonism between Catastrophism and Uni- 
formitarianism. On the contrary, it is very conceivable 
that catastrophes may be part and parcel of uniformity. 
Let me illustrate my case by analogy. The working of 
a clock is a model of uniform action ; good time-keeping 
niformity of action. But the striking of the 
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clock is essentially a catastrophe; the hammer might be 
made to blow up a barrel of guupowdor, or turn on a 
deluge of water ; and, by proper arrangement, the clock, 
instead of marking the hours, might strike at all sorts of 
irregular periods, never twice alike, in the interval9, 
force, or number of its blows. Nevertheless, all these 
irregular, and apparently lawless, catastrophes would be 
the result of au absolutely unifoi-mitarian action ; and 
we might have two schools of clock-theorists, one 
studying the hammer and the other the pendulum. 

Still less is there any necessary antagonism between 
either of these doctrines and that of Evolution, which 
embraces all that is sound in both Catastrophism and 
Uniformitarianism, while it rejects the arbitrary assump- 
tions of the one and the, as arbitrary, limitations of the 
other. Nor is the value of the doctiine of Evolution to the 
philosophic thinker diminished by the fact that it applies 
the same method to tlis living and the not-living world ; 
and embraces, in one stupendous analogy, the growth 
of a sohir system from molecular chaos, the shaping 
of the earth from the nebulous cubhood of its youth, 
through innumerable changes and immeasurable ages, 
to its present form ; and the development of a living 
being from the shapeless mass of protoplasm we term a 
germ. 

I do not know whether Evolutionism can claim that 
imount of currency which would entitle it to be called 
Bntlsh popular geology ; but, more or less vaguely, it is 
assuredly present in the minds of most geologists. 

Such being the three phases of geological speculation, 
we are now in position to inquire which of these it is 
that Sir William Thomson calls upon us to reform in 
the passages which I have cited. 

It is obviously Uniformitarianism which the dis- 
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liriguishcd pliysicist takes to be the representative 
gpologiial speculation in general. And tliua a firfi 
issue is raised, inasmuch as many persona (and thoa 
not the least thoughtful among the younger geologisti 
ilo not accept strict Uniformitarianism as the iiual fon 
of geological speculation. We should say, if Hutto 
and Playfair declare the coittsc of the world to haW 
been always the same, point out the fallacy by all means. 
I»ut, in so doing, do not imagine that you are provia 
modem geology to be in opposition to natural pM^ 
losophy. I do not suppose that, at the present day 
any geologist would be found to maintain absolute 
Uniformitarianism, to deny that the rapidity of the 
rotation of the earth Tnay be diminishing, that the. sc '" 
may be waxing dim, or that the earth itself may\ 
cooling. Most of us, I suspect, are Gallioa, " who a* 
for none of these things," being of opinion that, tn 
or fictitious, they have made no practical difference ' 
the earth, during the period of which a record is pM 
served in stratified deposits. 

The accusation that we have been running counter to 
the principles of natural philosophy, therefore, is devoid 
of foundation. The only question which can arise is 
whether we have, or have not, been tacitly making 
assumptions which are in opposition to certain con- 
clusions which may be drawn from those principles. 
And this question subdivides itself into two : — ^thc first, 
are we reaDy contravening such conclusions 1 the second, 
if we are, are those conclusions so firmly based that we 
may not contravene them ? I replj' in the negative to 
both these questions, and I will give you my reasons 
for so doing. Sir William Thomson beheves that he 
is able to prove, by physical reasonings, "that the 
existing state of things on the eartti, life on the earth 
— all geological history showing continuity of life^*l 
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must be limited witLin some such period of time as one 
hundred million years" (loc. cit. p. 25). 

The first inquiry which arisea plainly is, has it ever 
been denied that this period may be enough for the 
purposes of geology ? 

'J-'he discussion of this question is greatly embarrassed 
by the vagueness with which the assumed limit is, T 
will not say defined, but indicated, — "some such period 
of past time as one hundred million years." Now 
does this mean that it may have been two, or tlirce, or 
four hundred million years ? Because this really makea 
all the difference.^ 

I presume that 100,000 feet may be taken as a fidl 
allowance for the total thiclcness of stratified rocks con- 
taining traces of life ; 100,000 divided by 100,000,000 
=0-001. Consequently, the deposit of 100,000 feet of 
stratified rock in 100,000,000 years means that the 
deposit has taken place at the rate of xood of ^ foot, or, 
Bay, ^ of an inch, per annum. 

Well, I do not know that any one is prepared to main- 
tain that, even making all needful allowances, the 
stratified rocks may not have been formed, on the 
average, at the rate of ^V of an inch per annum. 
I suppose that if such could be shown to be the 
limit of world-growth, we could put up with the 
allowance without feeling that our speculations had 
undergone any revolution. And perhaps, after all, the 
qualifying phrase "some such period" mny not neces- 
sitate the assumption of more than iJr or nU or a^ c ( 
nn inch of deposit per year, which, of course, would 
give Us still more ease and comfort. 

But, it may be said, that it is biology, and not geology, 

' Sir Williim Tliomaon implies (loc dt. p. IQ), tlmt the precise time is i ( 
no oonaeijiience : "tlie principle is the snnie;" lint, as the printiple i 
idiiiitted, tlie whole diicuHsioa tunu on its practical resulta. 
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which asks for bo much time — that the succession 

life demands vast intervals ; but this appears to me to 
be reasoniiio; in a circle. Biology takes her time from 
geology. The only reason we have for believing in the 
slow rate of the change in living forms is the fact that 
they persist through a series of deposits which, geology 
informs us, have taken a long while to make. If the 
geological clock is wrong, all the naturalist will have t 
do is to modify hia notions of the rapidity of cband 
acconlingly. And I venture to point out that, when i 
arc told that the limitation of the period during wh' 
living beings have inhabited this planet to one, two, i 
three hundred million years requires a complete revtj 
tion in geological Bpcculation, the onus pwbandi ! 
on the maker of the assertion, who brings forward i 

a shadow of evidence in its support, 

Thus, if we accept the limitation of time placed beforo 
m by Sir W. Thomson, it is not obvious, on the face 
of the matter, that we shall have to aJter, or reform, 
our ways in any appreciable degree ; and we may there- 
fore proceed with much calmness, and indeed much 
indifi'erence, as to the result, to inquire whether that 
limitation is justified by the arguments employed in i 
support. 

These arguments are three in number : — 
I. The first is based upon the undoubted fact that 1 
tides tend to retard the rate of the earth's rotation upi 
its axis. Tliat this must be so is obvious, if one i 
aiders, roughly, that the tides result from the pull vrh^ 
the sun and the moon exert upon the sea, causing it 4 
act as a sort of break upon the rotating EoUd earth, 

liaiit, who was by no means a mere "abstract pli . 
A'o^her," but a good mathematician and well versed 
^^K p?i_ysical science of his time, not only proved this j 
^-^i csi^ny of exr|uisite clcnmess and intelligibility. 
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more tban a century old,^ but deduced ft-om it some of 
its more important eonsequciicos, such as the constant 
turning of one face of the moon towards the earth. 

But there is a long step from tlie demonstratioa of a 
tendency to the estimation of the practical value of that 
tendency, which is all with which we are at present 
concerned. The facta beai'ing on this point appear to 
stand as follow : — 

It is a matter of observation that the moon'a mean 
motion is (and has for the last 3,000 years been) under- 
going an acceleration, relatively to the rotation of the 
earth. Of course this may result from one of two 
causes ; the moon may really have been moving more 
swiftly in its orbit; or the earth may have been rotating 
more slowly on its axis. 

Laplace believed be bad accounted for this phoeno- 
menon by the fact that the eccentricity of the earth's 
orb it has beendiminishing throughout these 3,000 years. 
This would produce a diminution of the mean attraction 
of the sun on the moon ; or, in other words, an increase 
in the attraction of the cartb on the moon ; and, con- 
sequently, an increase in the rapidity of the orbital 
motion of the latter body. Laplace, therefore, laid the 
responsibility of the acceleration upon the moon, and 
if his views were correct, the tidal retardation must 
either be insignificant in amount, or be counteracted by 
some other agency. 

Our great astronomer, Adams, however, appears to 
have found a flaw in Laplace's calculation, and to ha\'e 
shown that only half the observed retardation could be 
accounted for in the way he had suggested. There 

* " Untorsiiclinnff der Fmge ob dio Erde in ihrer Umdrahimg uin dia I 
Achse, wodriich sie die Abwetliselung des Tii^es luid dcr N^iclil liervorlirinLi, 
einijre VeKmdemns seit den erston Ztiteu ihres UtsprnngL"* ei'litteu hatie, 
&c"— Kakt's iMmmtlkhc Wuie, Bd. i. p. 178. I 
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since, the Glacial epoch. Sir W. Thomson tells us tlial 
the accumulation of something more than a foot ol 
ice around the poles (which implies the withdrawal of, 
Bay, an inch of water from the gencml surface of the 
sea) will cause the earth to roUitc quicker by one-tenth 
of a second per annum. It would appear, therefore, 
that the earth may have been rotating, throughout the 
whole period which has elapsed from the commencemont 
of the Glacial epoch down to the present time, one, or 
more, seconds per annum quicker than it rotated during 
the Miocene epoch. 

But, acording to Sir AV, Thomson's calculation, tidal 
retardation will only account for a retardation of 22" in 
a century, or '• (say |) of a second per annum. 

Thus, assuming that the accumulation of polar ici- 
siuce the Miocene epoch has only been sullicicnt to 
produce ton times the effect of a coat of ice one foot 
thick, we shall have an accelerating cause which covcw 
all the loss from tidal action, and leaves a balanw 
of i a second per annum in the way of acceleration. 

If tidal retardation can be thus checked and over- 
thrown by other temporary conditions, what become.s 
of the confident assertion, based upon the assumed uni- 
formity of tidal retardation, that ten thousand million 
years ago the earth must have been rotating more than 
twice as fiiat as at present, and, therefore, that wi.' 
geologists are "in du-cct opposition to the priueipK'f* 
of Natural Philosophy " if we spread geological history 
over that time ? 

II. The second argument ia thus stated by Sir '. 
Thomson :-—" An article, by myself, pubhshcd in ' M, 
millan's Magazine' for March 1862, on the age of L 
Buua heat, ux[ilaiiis results of investigation into varidl 
questions as to possibilities regarding the amount of hd 
that ihL' suu cuuld have, dealing with it as yoa WOW 
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with a stone, oi- a piece of matter, only taking into 
account the sun's dimensions, which showed it to be 
possible that the snn may have already illuminated the 
earth for as many as one hundred million years, but at 
the same time rendered it almost certain that he had not 
illuminated the earth for five hundred millions of years. 
The estimates here are necessarily very vague ; but yet, 
vague as they are, I do not know that it is possible, upon 
any reasonable estimate founded on known properties 
of matter, to say that we can believe the sun has really 
illuminated the earth for five hundred million years."^ 

I do not wish to " Hansardize " Sir William Thomson 
by laying much stress on the fact that, only fifteen years 
ago, he entertained a totally different view of the origin 
of the sun's heat, and believed that the energy radiated 
from year to year was supplied from year to year — 
a doctrine which would have suited Hutton perfectly. 
But the fact that so eminent a physical philosopher has, 
thus recently, held views opposite to those which he now 
entertains, and that he confesses his own estimates to 
be "very vague," justly entitles us to disregard those 
estimates, if any distinct facts on our side go against 
them. However, I am not aware that such facts exist. 
As I have already said, for anything I know, one, two, 
or three hundred millions of years may serve the needs 
of geologists perfectly well. 

111. The third line of argument is based upon the 
temperature of the interior of the earth. Sir W. 
Thomson refers to certain in^'estigations which prove 
that the present thermal condition of the interior of 
the earth implies either a heating of the earth within the 
last 20,000 years of as much as 100° F., or a greater 
heating all over the surface at some time further back 
than 20,000 years, and then proceeds thus : — 
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"Now, are geologists prepared to admit that, at som 
time within tue last 20,000 years, there has been ; 
over the earth so high a temperature as that ? I 
suiuc uot ; uo geologist — no modern geologist — wouj 
lor a moment admit the hypothesis that the presei 
state of underground heat is due to a heating of f" 
Kurface at so late a period as 20,000 years ago. If tl _ 
is not atlmitted, we are driven to a greater heat at some 
lime more than 20,000 years ago. A greater heating 
all over the surface than 100" Fahrenheit would kill 
nearly all existing plants and animals, I may safely saj^ 
Are modem geologists prepared to say that aU hfe w3 
killed off the earth 50,000, 100,000, or 200,000 ycaf 
ago 1 For the uniformity theory, the fm-ther back t^ 
time of high surface-temperature is put the bcttej 
but the further back the time of heating, the hotter : 
must have been. The best for those who draw mof 
largely on time is that which puts it furthest baek| 
and that is the theory that the heating was enouj '' 
to melt the whole. But even if it was enough 
melt the whole, we must still admit some limit, such t 
lifty million years, one hundred million years, or tT( 
ur three hundred million years ago. Beyond that t 
i:annot go." ' 

It will be obsciA'cd that the "limit" is once ag; 
f'f the vaguest, ranging from 50,000,000 years 
;500,000,000. And the reply is, once more, that, f(fl 
anything that can be proved to the contrary, one i 
hvo hundred million years might serve the purpoe 
even of a through-going Huttonian uniformiti 
very well. 

But if, on the other hand, the 100,000,000 ot" 
^00,000,000 years appear fo be insufficient for geo- 
logical purposes, we must closely criticise the method 
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by ■whicli the limit is reached. The argument is simple 
enough. Assuming the earth to be nothing but a cool- 
ing mass, tho quantity of heat lost per year, supposing 
the rate of cooling to have been uniform, rauUiplieii 
by any given number of years, will be given the mini- 
mum temperature that number of years ago. 

But is the earth nothing but a cooling mass, "Kke 
a hot-water jar such as is used in carriages," or " a globe 
of sandstone"? and has its cooling been uniform 1 An 
affirmative answer to both these questions seems to be 
necessary to the validity of the calculations on which 
Sir W. Thomson lays so much stress. 

Nevertheless it surely may be urged that such affirma- 
tive answers are purely Iiypothetical, and that other 
suppositions have an equal right to consideration. 

For example, it it not possible that, at the prodigious 
temperature which would seem to exist at 100 milea 
Iwlow the surface, all the metallic bases may behave aa 
mercury does at a red heat, when it refuses to combine 
with oxygen ; while, nearer the surface, and therefore at 
a lower temperature, they may cuter into combination (as 
mercury does with oxygen a few degi-ees below it? boiling- 
point) and so give rise to a heat totally distinct from 
that which they possess as cooling bodies ? And has 
it not also been proved by recent researches that the 
quality of the atmosphere may immensely affect its 
IJcrmeabiUty to heat ; and, consequently, profoundly 
modify the rate of cooling the globe as a whole 1 

I do not tliink it can be denied that such conditions 
may exist, and may so greatly nffect the supply, and the , 
lo.^s, of terrestrial heat as to destroy the value of any ' 
calculations which leave them out of sight 

My functions ns your advocate are at an end, I 
Bpeal.' with more than the sincerity of a mere advocate i 
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when I express the belief that the case against us bas 
entirely broken do^m. The err for reform which has 
been raised without, ig superfiuons, inasmnch as we 
have long been reforming from within, with all needful 
speed. And the critieal examination of the grounds 
upon which the very grave charge of opposition to 
the principles of Natural Philosophy has been brought 
against ns, rather shows that we have exercised a wise 
discrimination in declining, for the present, to meddle 
with our foundationSb 



sir. 

THE ORIGIN OF SPECIES 

Mil Dahtvin's long-standing and weE-earneil scientili. 
eminence probably renders him indifl'erent to that social 
notoriety which passes by the name of success; but if 
the calm spirit of the philosopher have not yet wholly 
superseded the ambition and the vanity of the carnal 
man within him, he must be well satisfied ivith the 
results of his venture in publishing the " Origin of 
Species." Overflowing the narrow bounds of purely 
Bcientifie circles, the " species question " divides with 
Italy and the Volunteers the attention of general society. 
Everybody has read llr. Darwin's book, or, at least, has 
given an opinion upon its merits or demerits ; pietists, 
whether lay or ecclesiastic, decry it with the mild 
railing which sounds so charitable ; bigots denounce it 
with ignorant invective ; old ladies of both sexes 
consider it a decidedly dangerous book, and even 
savans, who have no better mud to throw, quote anti- 
quated writers to show that its author is no better than 
an ape himself ; while every philosophical thinker 
hails it as a veritable Whitworth gun in the armoury of 
liberalism ; and all competent natm^alists and physio- 
logists, whatever their opinions as to the ultimate fate 
of the doctrines put forth, acknowledge that the work in 
which they are embodied is a solid contribution to know- 
ledge and inaugurates a new epoch in natural history. 
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Nor Las the diacu^ion of the subject been rcatrainerl 
within the limits of conversation. When the public is 
eager aud interested, reviewers must minister to its 
wants ; and the genuine litterateur is too much in the 
habit of acquiring his knowledge from the book he 
judges — aa the Abyssinian is said to pro^-ide himself 
with stcakg from the ox which carries him — to be with- 
held from criticism of a profound scientific work by the 
mere want of the requisite preliminary scientific acquire- 
ment ; while, on the other hand, the men of science who 
wish well to the new views, no less than those who 
dispute their validity, have natui'ally sought oppor- 
tunities of expressing their opinions. Hence it is not 
surprising that almost all the critical journals have 
noticed Mr. Darwin's work at greater or less length; 
and so many disquisitions, of every degree of excellence, 
from the poor product of ignorance, too often stimulated 
by prejudice, to the fair and thoughtful essay of the 
candid student of Nature, have appeared, that it seems 
an almost helpless task to attempt to say anything new 
upon the question. 

But it may be doubted if the knowledge and acumen 
of prejudged scientific opponents, or the subtlety of 
orthodox special pleaders, have yet exerted their full 
force in mystifying the real issues of the great contro- 
versy which has been set afoot, and whose end is hardly 
likely to be seen by this generation ; so that at this 
eleventh hour, and even failing anything new, it may be 
useful to state afresh that which is true, and to put tlie 
fundamental positions advocated by Mr. Darwin in such 
J. fonn that they may be grasped by those whose special 
^tudies lie in other directions. And the adoption of thla 
^nrso may be the more advisable, because notwith- 
^nding its great deserts, and indeed partly on account 
j them, the " Origin of Species" ia by no means an ciisy 



XI!.] 



TUB OSIGJN OF SPECIES. 



book to read — if by reading is implied tlic full com- 
prebension of an author's meaning. 

"We do not speak jestingly in saying that it is Mr. 
Darwin's misfortune to know more about the question be 
has- taken up tban any man living. Personally aud 
practically exercised in zoology, in minute anatomy, iji 
geology ; a student of geographical distribution, not on 
maps and in museums only, but by long voyages and 
laborious collection ; having largely advanced each of 
these branches of science, and having spent many years 
in gathering and sifting materials for hia present work, 
the store of accurately registered facts upon which the 
author of the " Origin of Species " is able to draw at 
will is prodigious. 

But this very superabundance of matter must have 
been embarrassing to a writer who, for the present, can 
only put forward an abstract of his views ; and thence it 
arises, perhaps, that notwithstanding the clearness of the 
style, those who attempt fairly to digest the book find 
much of it a sort of inteUeetual pcmmican — a mass of 
facts crushed and pounded into shape, rather than held 
together by the ordinary medium of an obvious logical 
bond : due attention will, without doubt, discover this 
bond, but it is often hard to find. 

Again, from sheer ■want of room, much has to be 
taken for granted which might readily enough be proved ; 
and hence, while the adept, who can supply the missing 
links in the evidence from his own knowledge, discovers 
fresh proof of the singular thoroughness with which all 
difficulties have been considered and all unjustifiable 
fluppositiona avoided, at every reperusal of Mr. Darwin's 
pregnant paragraphs, the novice in biology is apt to 
complain of the frequency of what he fancies is gra- 
tuitous assumption. 

Thus whiic it may be doubted if, for some years, any 
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one is likely to bo competent to pronounce judgment 
all the issues raised by Mr. Darwin, there is assuredly 
abundant room for him, who, assuming the humbler, 
thoup;h perhaps as useful, office of an interpreter between 
the "Origin of Siwciea" and the public, contents himself 
with endeavouring to point out the iiatm-e of tlie 
problems which it discusses ; to distinguish between 
ihc ascertained facts and the theoretical views which it 
contains ; and finally, to show the extent to which the 
explanation it offers satisfies the requirements of scientifio 
logic. At any i^ite, it is this office which wc purpose 
nudcrtuke in the following pagas. 

It may be safely assumed that our readers have 
general conception of the nature of the objects to whi( 
the word *' s^iecies " is applied ; but it has, ]terha] 
occurred to a few, even to those who are naturalists 
•professo, to reflect, that, as commonly employed, the 
term has a double sense and denotes two very diflerent 
orders of relations. When we call a group of animals, 
or of plants, a species, we may imply thereby, cither 
that all these animals or plants have some common 
peculiarity of form or structure ; or, we may mean that 
they possess some common functional character. That 
part of biological science which deals with form and 
structure is called Morphology — that which concems 
itself with function, Physiology — so that we may con-| 
veniently speak of these two senses, or aspects, of] 
"species" — the one as morpholgical, the other as phy- 
siological. Regarded from the former point of view, a 
species is nothing more than a kind of animal or plant, 
which is distinctly definable from all others, by certain 
constant, and not meai'ly sexual, morphological pcculiar- 
itiea. Thus horses form a species, because tlic group of 
animals to which that name is applied is distinguished 
from all others in the world by tlie following constantly 
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associated cliiiractcrs. They have 1. A vertebral column ; 
2, MamniEe ; 3, A placental embryo ; 4. Four legs ; 5. A . 
eioglo well-developed toe in each foot provided with a 
hoof ; 6. A bushy tail ; and 7. Callosities on the inner 
sides of both the fore and the hind legs. The asses, 
again, form a distinct species, because, with the same 
characters, as far as the tifth in the above list, all asses 
have tufted tails, and have callosities only on the inner 
side of the fore legs. If animals were discovered having 
the general characters of the horse, but sometimes with 
callosities only on the fore legs, and more or less tufted 
tails ; or animals having the general characters of the , 
ass, but with more or less bushy tails, and sometimea J 
■\vith callosities on both pairs of legs, besides being inter- J 
mediate in other respects — the two species would have I 
to be merged into one. They could no longer be I 
regarded a.s morphologically distinct species, for they 
would not be distinctly definable one from the other. 

However bare and simple this definition of species 
may appear to be, we confidently appeal to all practical 
naturalists, whether zoologists, bot-anists, or palaeonto- 
logists, to say if, in the vast majority of cases, they 
know, or mean to aflirm, anything more of the group of 
animals or plants they so denominate than what has just 
been statctL Even the most decided advocates of the 
received doetriuos respecting species admit this. 



■lappreTiend," says Professor Owcn,^ "that few naturuliste now- 
a-days, ia describing and proposing a name foi ^liat they call ' a nev 
ipeeieK,' iisa that tBrm to signiiy what was meant by it twenty or thirty 
yeara ago ; that is, an oiigiually distinct creation, maintaining its 1 
jirimitive distinction by ohstructivo generative peculiarities. The pro- ] 
piiaer of tha new 6])ei;ie3 now intenda to stats no moio tlian ho [ 
autuilly knowB ; as, for example, that the diilercneea on which he | 
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gl;iiry fluid, holding granules in suspension. But strange 
possibilities lie dormant in tliat semi-fluid globule. Let 
a moderate supply of warmth reach its wateiy cradle, 
iiiid. the plastic matter undergoes changes so rapid and 
j-et so steady and pui-poselike in their succession, that 
one can only compare them to those operated by 
skilled, modeller upon a formless lump of clay. As- 
\\'ith an iuviaible trowel, the mass is divided and sub- 
divided into smaller and smaller portions, until it ia' 
reduced to an aggregation of granules not too lai'ge to 
build withal the finest fabrics of the nascent organism, 
And, then, it is as if a delicate finger traced out the line 
to be occupied by the spinal column, and moulded the 
contour of the body; pinching np the head at one end, 
the tail at the other, and fashioning fl;mk and limb into 
due snlamandrinc proportions, in so artistic a way, tliat, 
after wafching the process hour by hour, one is almost 
involuntaiily popscssed by the notion, that some more 
subtle aid to vision than an aeliromatic, would show the 
bidden aitist, with his plan before him, striving witli 
skilful manipulation to perfect his work. 

As life advances, and tlie young amphibian ranges th«. 
x^aturs, the terror of his insect contemporaries, not only 
are the nuti'itious particles supplied by its prey, by the 
addition of which to its frame growth takes place, lai^, 
(\o■^^^, each in its proper spot, and in such due proportioQ 
to the rest, as to i-eproduee the form, the colour, and tbft 
size, characteristic of the parental stotk; but even the 
wonderfid powers of reproducing lost parts possessed by 
these animals are controlled by the same governing 
tendency. Out off the legs, the tail, the jawa, separately 
or all together, and, as Spallanzani showed long ago, 
these parts not only grow agam, but tlio redintegrated 
Uml) is foiincd on the same type as those which were 
lost. The new jaw, or leg, is a newt's, and never by any 
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accident more like that of a frog. What ia true of the 
newt is true of every animal and of every plant ; the 
acorn tends to build itself up again into a woodland 
giant such aa that from whose twig it fell ; the spore of 
the humblest lichen reproduces the green or brown 
incrustation which gave it birth ; and at the other end 
of tho scale of life, the child that resembled neither the 
paternal nor the maternal side of the house would be, 
regarded as a kind of monster. j 

So that the one end to which, in all living beings, ths , 
formative impulse is tending — the one scheme which the 
Arehosus of the old speculators strives to carry out, 
Bccms to be to mould the offspring into the likeness of 
the parent. It is the first great law of reproduction, 
that the ofl'spring tends to resemble its parent or paren] 
more closely than anything else. 

Science will some day show us how this law is 
necessary consequence of the more general laws ■whii 
govern matter ; but, for the present, more can hardly ' 
said than that it appears to be in harmony with them. 
We know that the phainomena of vitality are not some- 
thing Jipart from other physical phainomena, but one 
with them ; and matter and force are the two names 
the one artist who fashions the living as well as the life 
less. Hence living bodies should obey the same 
la\v3 as other matter — nor, throughout Nature, ia there 
kiw of wider application than this, that a body impel 
by two forces takes the direction of their resultant. Bi 
living bodies may be regarded as notliLug but extremely 
complex bundles of forces held in a mass of matter, as 
the complex forces of a magnet are held in the steel by 
its coercive force ; and, since the differences of sex are 
comparatively slight, or, in otLrr words, the sum of the 
forces in each has a very similar tendency, their re- 
Eultant, the offspring, may reasonably be expected 
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deviate but little from a course parallel to tither, or 
to both. 

Represent the reason of the law to oiii'selvcs by whiit 
physical metaphor or analogy we will, however, the 
gi-eat matter is to apprehend its existence and the im- 
portance of the consequences deducible from it For 
things which ai'e like to the same are like to one another, 
and if , in a great series of generations, every ofispring is 
like its parent, it follows that all the otrs]jiing and a,ll 
the parents mnst be like oiie another ; and that, given i 
an original parental stock, with the opportunity of un- j 
disturbed multiplication, the law in question necessitates I 
the production, in coui-se of time, of an indefinitely largo ' 
group, the whole of whose members are at onco very 
similar and are blood relations, having descended from 
the same parent, or pair of parents. The proof that all 
the meinbers of any given group of animals, or plants, 
had thus descended, wonid be ordinarily considered 
suilieient to entitle tliera to the rank of physiological 
species, for most physiologists consider species to be de- 
finable as "the ofi'spriug of a single primitive stock." 

But though it is quite true that all those gi'oups we 
call species mta/, according to the known hiws of re- 
production, have descended from a single stock, and 
though is ia very likely they really have done so, yet 
this conclusion rests on deduction and can hardly hope 
to establish itself upon a basis of obscr^'ation. And the 
primitivcncss of the supposed single stock, which, after 
fdl, is the essential part of the matter, is not only a 
hypothesis, but one which has not a shadow of founda- 
tion, if by " primitive " bo meant "independent of any 
other living being." A scientific definition, of which an 
unwarriintable hypothesis forms an essential part, carries 
i^8 condemnation within itself; but even supposing sue' 
a definition wore, in fonu, tenable, the jihysiologist wh 
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alujiilil attempt to apply it in Nature woulil soon find 
hirasalf involved in great, if not inextricable, difficullias. 
As wo have saiJ, it is indubitable that off;?priiig lend Ui 
resemble the parentnl organism, but it Is equally true 
tliat the eimilarity attained ucver amoanta to identity, 
either in form or in stnictiirc There is always a certain 
amount of deviation, not only from the preciae t-hiiractera 
of a single parent, but when, as in most animals an< 
many plants, the sexca arc lodged in distinct individuals, 
fi-um an exact mean between the two parents. And 
indeed, on general principles, this slight deviation aeems- 
£18 intelligible as the general similarity, if we rofleet Low 
complex the co-operating " bundles of forces " arc, and. 
liow improbable it is that, in any case, their true ron 
■sultant shall coincide with any mean between the moi 
obvious characters of the two parents, AVLatever bo 
its cause, however, the co-cxistcncc of this tendency to 
minor variation with the tendency to general similanty, 
is of vast importance in its hearing on the question of 
the origin of species. 

As a general rule, the extent to which an offspring 
differs from its parent is slight enough ; but, occ; 
the amount of difl'erencc is much more strongly marked, 
and then the divergent offspring receives the name of ft. 
Variety. Slultitudea, of what there is every reason ti 
believe are such varieties, are known, but the origin oj 
very few has been accurately recorded, and of these 
■will select two as more especially illustrative of the m 
features of variation. The first of them is that of th&l 
" Ancon," or " Otter" sheep, of which a careful accoani; 
is given by Colonel David Humphi'eys, F.R.S., in a letter 
to Sir Joseph Banks, published in the Philosophical 
Transactions for 1813. It appears that one Seth "Wright, 
tiie proprietor of a farm on the banlcs of the Charles 
River, iu Slassachusetts, possessed a flock of fifteen 
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and a ram of the ordinaiy kind. In iLe year 1791, 
of the ewcM presented Iicr owner with a ni.ile lamh^ 1 
differiug, for no assignable rcfison, from its parents by a J 
proportionally long body and short .bandy leg's, whence J 
it was unable to emulate its relatives in those sportiveJ 
leaps over the neighbours' fcncea, in which they were T 
in the ha,bit of indulging, much to the good farmer's j 
vexation. 

The second case is that detailed by a no less unex- 
ceptionable authority than R6aumur, in his " Art de fairs J 
oclore les Poulets." A Maltese couple, named Kelleia, | 
whasG hands and feet were constructed upon the ordinary \ 
human model, bad born to them a son, Gratio, who pos- 
sessed six perfectly moveable fingers on each hand and 
eix toes, not quite so well formed, on each foot. No 
fiausc could be assigned for the appearance of this un- 
usual variety of the human species. . 
Two circumstances ai"C well worthy of remark in botli -J 
these cases. In each, the variety ajipcars to have arisen 
in full force, and, as it were, per saltum; a wide and 
definite difference appearijig, at once, between the Ancon 
ram and the ordinary sheep ; between the six-fiugertid 
and six-toed Gratio Kelleia and ordinaiy men. In , 
neither case is it possible to point out any obvious rcascm | 
for the appearance of the variety. Doubtless there were ] 
dctcrrainiug causes for these as for all other pha3nomena; 
but they tlo not appear, and we can be tolerably cer- 
tain that what are ordinarily understood as clianges in 
physical conditions, as in climate, in food, or the like,. J 
did not take place and had. nothing to do with the I 
matter. It was no ease of what is commonly callecl'J 
adaptation to circumstances ; but, to use a conveniently I 
erroneous phrase, the variations arose spontaneously. J 
The fruitless search after final causes leads tbcir-pursueraJ 
long way ; but even those hardy telcologists, who a 



2C6 Ur SER.VOXS, JiiDIH^SSES, jytt rxEHEWS. [x»?l 

ready to break through all tlic laws of phj'sica in cliaatt 
nf thuir favourite will-o'-tlic-wisp, may be puzzled td 
discover what purpose could bo attained by the Btuntc<l 
legs of Scth WriglttB rara or the liexudactj'le mcinbeM 
nf Gratio Kellcia. ■ 

Varieties then arise we Icnow not why ; and it ia moal 
llian probable that the majority of varieties have arisud 
ill this "spontaneous" manner, though we are, of coui'sa 
I'ar from denying that they may be traced, in some cascn 
Iti distinct external influences ; which are assuredly conM 
(jL'teut to alter the character of the tcgumentary eov^ifl 
iiig, to change colour, to increase or diminish the size ofl 
muscles, to modify constitution, and, among planta, td 
give rise to the metamorphosis of stamens into pctnlfl 
and BO forth. Eut however they may have arisen, whd 
especially interests us at present is, to remark that, oiim 
in existence, varieties obey the fundamental law of rol 
production that like tends to produce like, and thu™ 
offspring exemplify it by tcndhig to exhibit the sumd 
deviation from the parental stock as themselves. Indeed^ 
there seems to be, in many instances, a pre-potent in*, 
fluence about a newly-arisen variety which gives it 
what one may call an unfair advantage over the normal 
desccudants from the same stock. This is strikingly 
exemplified by the case of Gratio Kclleia, who married 
a woman with, the ordinary pentadactylc extremities, 
and had by her four children, Salvator, George, Andrei', 
and Marie. Of these children Salvator, the eldest boy,' 
had six fingers and six toes, like his father ; the second 
and third, also boys, had five fingers and five toes, lik*; 
their mother, though the Lands and feet of " 
were slightly deformed ; the last, a gii-l, had five fingers 
and five toes, but the thumbs were slightly deformed. 
The variety thus reproduced itself purely in the eldest^ 
while the normal type reproduced itself purely in thr" 
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tbii-d, and olmost purely in the Beeond and last : 
that it would seem, at first, as if the normal tj-pe 
were more powerful than the variety. But all these 
children grew up and intermarried with normal wives 
ftnd husband, and then, note what took place : Sal- 
vator had four children, three of whom exhibited the 
hexadactyle members of their grandfather and father, 
M'hile the youngest )iad the pcntadactyle limbs of the 
mother and grandmother ; go that here, notwithstanding 
a double pentadaetyle dilution of the blood, the bexar 
dactyle variety had the best of it The same pre-potency 
of the variety was still more markedly exemplified iji 
the progeny of two of the other children, ilarie and 
George, Marie (whose thumbs only were deformed) 
gave birth to a boy with six toes, and three other 
normally formed cliildren ; but George, who was not 
quite so pure a pentadaetyle, begot, first> two girls, each 
of whom hftd six fiiigers and toes ; then a girl with six 
fingers on each band and six toes on the right foot, but 
only five toes on the left ; and lastly, a boy with only 
five fingers and toes. In these instances, therefore, the 
variety, as it were, leaped over one generation to re- 
produce itself in full force in the next Finally, the 
purely pentadaetyle Andre was the father of many 
children, not one of whom departed from the normal 
pai-ental type. 

If a variation which approaches the natm'o of a moa- j 
Btrosity can strive thus forcibly to reproduce itself, it is { 
not wonderful that less aberrant modifications should . 
tend to be preserved even more strongly ; and the history 
of the Ancon sheep ia, in this respect, particularly in- 1 
stmctivc, AVith the "'cuteness" characteristic of their J 
nation, the neighbours of the llassachusets farmer J 
imagined it would be au excellent thing if all his siieep j 
wore imbued ^\■ith the stay-at-home tendencies enforced ' 
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I»y Nature upon the newly-amvcd ram ; an<I they ntlvisn 
Wright to kill the ohl jiatriai-ch of his fold, and install 
the Ancon ram in his jilfiM. The result justified their 
sagacious aiiticipatioDB, and coiueided very nearly with 
what occurred to the progeny of Gratlo KcUeia. The 
young Inrabs were almost always either pure Ancona, or 
pure ordiuary shecp.^ But when sufficient Ancon sheep 
were oLitained to interbreed with one another, it ivaa 
found that the offspring was always pure Ancon. Colonel 
Humphreys, in faet, states that he was acquainted with 
only "one questionable case of a contrary nati 
Hero, then, is a remarkable and well-established instam 
not only of a very distinct race being established i 
saltum, but of that race breeding " tnie " at once, 
showing no mixed foiius, even when crossed with anol 
breed. 

By taking care to select Anconi^ of both sexes, 
breeding from, it thus became easy to establish an 
tremely well-marked race ; so peculiar that, even wb^_ 
herded with other sheep, it was noted that the Ancona 
kept together. And there is cveiy reason to believe that 
the existence of this breed might have been indefinitely 
protracted ; but the introduction of the Merino shcejjj 
which were not only very superior to the Ancona in woi 
and meat, but quite as quiet and orderly, led to the c 
jilete neglect of the new breed, so that, in 1813, Colta 
JFIumphreys found it drfhcult to obtain the specim 

• Colonel Hiiniphreya' Btateraents ure eTcepdingJy eypllcit on this point i" 
"When an Anooa ewe ia inipreEQ.iteii hy a coniiucn tnni, the i 
rcsomblei wholly cither the ewe or tlie nm. Tlie incrcMO of the c 
ewe iniprogn^tcd by tm. Ancon ram follows entirely tho one or the other, 
vitliout hluudiiig nny of the dlstingiiiishing and cssentinl peculinritics of Loth. 
Frequent instiintcB hiivc happened where common ewes nave liiul twins by 
Ancon muis, when one exlubited the complete niarkii and features of tlie 
ewe, tlie otlicr of the mm. The contr.wt h!« been rendered BingitLirly 
BtfLking, wlicn one sliort-let^cd «nd one long-leg!,'ed Ininb, produced at a 
l)irth, kivo hecn v.em Biickiuy llie dam at tho aniiic l\aiti."—FhUosui'}tict^m 
Tnmtmtwuf, 1813, Pt. I., pp. 80, 30. " 
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whose akclctoQ was presented to Sir Joseph Banks. "We ' 
believe that, for mauy years, no remnant of it has existed i 
in the United States. 

Gratio Kelleia was not the progenitor of a race of sis- 
fingered men, as Seth AYright's ram became a nation of 
Aucon sheep, though the tendency of the variety to 
perpetutftte itself appears to have been fully as strong, in 
the one case as in the other. And the reason of the 
difference is not fax to seek, Seth Wright took care not 
to weaken the Ancon blood Tjy matching bis Aneon ewes 
with any but males of the same variety, while Gratio 
Kelleia's sons were too far removed from the patriarchal 
times to iutcnnaiTy with their sisters ; and his grand- 
children seem not to have heen. attracted by their six- 
fingered cousins. In other words, in the one example a 
race was produced, because, for several generations, care 
was taken to select both parents of the breeding stock 
from animals exhibiting a tendency to vary in the same 
direction; while, in the other, no race was evolved, because 
no such selection was exercised. A race ia a propagated . 
variety ; and as, by the laws of reproduction, offspring I 
lend to assume the parental forms, they will be more i 
likely to propagate a variation exhibited by both parents I 
than that possessed by only one. I 

There is no organ of the body of an animal which I 
may not, and does not, occasionally, vary more or less- J 
from the normal type ; and there is no variation whichi M 
may not be transmitted, and which, if selectively trane^^ 
mittod, may not become the foundation of a race. Tbijn 
gi-eat ti'Uth, sometimes forgotten by philosophers, ha^| 
long been familiar to practical agricultmists and breeders |H 
and upon it rest all the metboda of improving the breedsB 
of domestic animals, which, for the last century, hav»J 
been followed with so much success in England. Colour,;! 
form, size, textuic of hair or wool, prLipurliona of variausl 
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parts, streiigtli or weakness of constitution, tendency ' 
fatten or to remain lean, to give much or littlo milk, 
speed, strength, temper, intolligenco, special instincts; 
there is not one of these characters whose transmission 
is not an every-day occurrence wittiin the experience 
of cattle-breeders, stock-farmers, horse-dealers, and 
dog and poultry fanciers. Nay, it is only the other 
day that an eminent physiologist, Dr. Brown-StSqua 
communicated to the Koyal Society his discovi 
that epilepsy, artificially produced in guinea-pigs, by i 
means which he has discovered, is transmitted to th6i| 
oSspring. 

But a race, once produced, is no more a fised ana 
iinmutnble entity than the stock whence it sprangj 
variations arise among its members, and as these varia^ 
tions are transmitted like any others, new races may 1 
developed out of the pre-existing one ad injtnitum, orM 
at least, within any limit at present determined. Given.^ 
sufficient time and sufficiently careful selection, and the" 
multitude of races v/hich may arise from a commoaJ 
stock is as astonishing as are the extreme structural^ 
dilTerenccs which they may present. A remarkabW 
example of this is to be found in the rock-pigeon, whichl 
Mr. Darwin has, in our opinion, satisfactorily demon-"! 
Btrated to be the progenitor of all our domestic pigeons, J 
of which there are certainly more than a hundred weli-1 
marked races. The most noteworthy of these races are, J 
the four great stocks known to the " fancy " as tumbler^ J 
pouters, carriers, and fantails , birds which not only differ^ 
most singularly in size, colour, and habits, but in tho J 
. form of the beak and of the skull : in the proportions of J 
the beak to the skuU ; in the number of tiiU-feathers ; ifl;J 
the absolute and relative size of the feet ; in the presenceT 
fc7J?y absence of the uropygial gland ; in the number o^ 
B^HtebrsB in the back; in short, in precisely (hose cha-« 
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ractcrs in whieli the genera and species of birds differ 
from one anotlier. 

And it is most remarkaLIe and instructive to observe, 
that none of these races can be shown to have been 
originated by the action of changes in what (ire com- 
monly called external circumstances, upon the wild rock- 
pigeoo. On the contrary, from time immemorial, pigeon 
fanciers have had essentially similar methods of treating 
their pets, which have been housed, fed, protected and 
cared for in much the same way in all pigeonries. In 
fact, there is no case better adapted than that of tlio 
pigeons to refute the doctrine which one sees put forth 
on high authority, that " no other characters than those 
founded on the development of bone for the attachment 
of muscles" arc capable of vaiiation. In precise coji- 
tradietion of this hasty assertion, Mr. Darwin's researches 
prove that tlie skeleton of the wings in domestic pigeons 
has hardly varied at all from that of the wild ^-pe ; 
while, on the other hand, it is in exactly those respects, 
Buch as the relative length of the beak and skull, the 
number of the vertebraj, and the number of the tail- 
feathers, in which muscular exertion can have no im- 
portant influence, that the utmost amount of variation 
has taken place. 

"We have said that the following out of the propertic^g 
eshibited by physiological species would leatl us into 
difficulties, and at this point they begin to be obvious , 
for, if, as the result of spontaneous variation and of 
Bolective breeding, the progeny of a common stock may 
become separated into groups distiugnishcd from one 
another by constant, not sexual, morphological characters, 
it is clear that the physiological definition of species is 
likely to clash with the morphological definition. No 
one would hesitate to describe the pouter and tlto 



tumljlor as distinct epccies, if they were found fossil, i 
if tlicir alvins and skeletons were imported, as those of" 
exotic wild birda commonly arc— and, without doubt, if 
considered alone, they arc good and distinct morpho- 
logical species. On the other hand, they arc not physio- 
logical sj»ecic3, for they are descended from a common 
stock, the rock-pigeon. 

Under these circumstances, as it is admitted on all 
sides that races occur in Nature, how are we to know 
whether any apparently distinct animals are really of 
ditfereiit physiological species, or not, seeing that the 
amount of morphological difference is no safe guide? 
Is there any test of a physiological species ? The usual 
answer of physiologists is in the affirmative. It is said 
that sueh a test is to be found in the phienomeua of 
iiybridization — in the results of crossing races, as com- 
2>ared with the results of crossing species. 

So far as the evidence goes at present, individuals, of 
what are certainly known to be mere races produced by 
selection, however distinct they may appear to bo, not 
only breed freely together, but the offspring of such 
crossed races are only perfectly fertile with one another. 
Thus, the spaniel and the greyhouud, the dray-horse and 
the Arab, the pouter and the tumbler, breed together 
with perfect freedom, and their mongi-els, if matched 
with other mongrels of the same kind, are equally fertile. 

On the other Land, there can be no doubt that the 
individuals of many natural species are either absolutely 
infertile, if crossed with individuals of other species, or, 
if they give rise to hybrid offspring, the hybrids so 
produced are infertile M'hen paired together. The horse 
and the ass, for instance, if so crossed, give rise to the 
mtdc, and there is no certain evidence of offspring ever 
having been produced by a male and female mule. The 
unions of the I'ock-pigeou and the ring-pigeoii appear t 
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be equally barren of result ITcre, then, says the phy- 
BJologist, we have a means of distinguishing any two j 
true species from any two varieties. If a male and a | 
female, selected from each group, produce offspring, and ' 
that offspring ia fertile with others produced in the same 
■way, the groups are races and not species. If, on the 
other hand, no result ensues, or if the offspring are - 
infertile with others produced in the same way, they arc 
true phj-siological speeiet;. The test would he an admir- 
able one, if, in the first place, it were always pmcticable 
to apply it, and if, in the second, it always yielded 
results susceptible of a definite interpretation. Unfor- 
tunately, in the great majority of cases, this touchstone 
for species is wholly inapplicable. 

The constitution of many wild animals is so altered 
by confinement that they will not breed even with their 
own females, so that the negative results obtained from 
crosses are of no value ; and the antipathy of wild animals 
of different species for one another, or even of wild and 
tame members of the same species, is ordinarily so great, 
that it is hopeless to look for such unions in Nature. 
The berinaphrodism of most plants, the difficulty in the 
way of ensuring the absence of their own, or the proper 
working of other pollen, are obstacles of no less magni- 
tude in applying the test to them. And in both animals 
and plants is superadded the further difficulty, that 
experiments must be continued over a long time for the 
purpose of ascertaining the fertility of the mongrel or 
hybrid progeny, as well as of the first crosses from 
which thej" spring. , 

Not only do these great practical difficulties lie in tho j 
way of applying the hybridization test, but even when | 
this oracle can be questioned, its replies are sometimes | 
as doubtful as those of Delphi, For example, cases are » 
cited by Mr. Darwin, of plants which are more fertile ' 
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with tlie pollen of another species than with their own' 
and there are others, such as certain fu,ci, whose mali 
clement will fertilize the ovule of a plant of distinct spe- 
cies, while the males of the latter species are ineffective 
with the females of the first So that, in the last-named 
instance, a physiologist, who should cross the two speeieg 
. in one way, would decide that they were true species; 
^^■hile another, who should cross them in the revert 
way, would, with equal justice, according to the ruli 
jiroDounce them to be mere races. Several plants, whi( 
tliere is great reason to believe are mere varieties, are' 
iilmost sterile when crossed ; whUe both auimala and 
jilants,' which have alwa}'s been regarded by naturalists 
;is of distinct species, turn out, when the test is applied, 
to be perfectly fertile. Again, the sterility or fertility 
of crosses seems to bear no relation to the structural 
resemblances or difi'erences of the members of any tm 
groups. 

Mr. Darwin has discussed this question with singul 
iiliihty and circumspection, and bis conclusiona 
summed up as follow, at page 276 of his work : — 

"First crosses betwenn forms sufficiently distinct to bo rauked 
species, and their hybrids, are TCiy generally, but not nniveraally, 
sterile. The sterility is of all degrees, and is often so slight that the 
two moat careful experimentalists who have over lived have come to 
diametrically opposite conclusions in ranking forms by this test. The 
sterility is innately variable in individuals of the same species, and ia 
eiuinently Busceptibla of favourable and nn£ivourablB conditions. The 
degree of sterility does not strictly follow systematic alBnity, but ia 
1,'overned by several curious and complex laws. It ia generally dif-. 
I'erent, and sometimes widely different, in reciprocal crosses betwe« " 
the same two species. It is not always equal iu degree in a first cros 
and in the hybrid produced from this cross. 

"In the same mjtnner as in grafting trees, the capacity of 
species or variety to take on aaother is incidental on generally 
Unknown differencea in their vegetative systems; so in crossing, 
Ki'oater or less facility of one species to unite with another is ; 
dental on unknown differences in thoir reproductive systems. There 
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ia no mure reasnii to think that spocies have been speciuUy eiiclowcd 
with various degrees of sterility to prevent them crosbing and hrueding 
in Ifature, than to think that trees have heen specially endowed with 
vnrioua and Bomewhat analofrous 'degrees of difficulty in heing prafteJ 
together, in or<3er to prevent them hecoming inarched ia our forests. 

"The sterility of first crosses hotween pure species, ivhich have 
their reproductive Bjstems perfect, seems to depend on several circnin- 
Btances; in. some cases largely on the early death of the emhryo. Tlio 
aterility of hybiida which have their reproductive ejstenis imperfect, " 
and which have had this system and their whole organization dis- 
tnrbed by being compounded of two distinct species, seems closely 
allied to that sterility which so frequently affects pure species when 
tlieir natural conditions of life have been disturbed. This view is 
snpported by a parallelism of another kind ; namely, that the crosBing 
of forms, only slightly different, is favourable to the vigour and fertiUty 
of the offspring ; and that sliglit changes in the conditions of life are 
apparently favourable ta the vigour and fertility of all organic beings. 
It is not surprising that the degree of difliculty in uniting two species 
ind the degroo of sterility of their hybrid offspring, should generally 
correspond, though due to distinct causes ; for both depend on the 
amount of difference of some kind between the Bpocies which are 
crosBed. Ifor is it eorprising that the facility of effecting a first cross, 
the fertility of hybrids produced from it, and the capacity of being 
grafted together — though this latter capacity evidently depends on 
widely different circumstances — should all run to a certain extent 
parallel with tlie Bystematic affinity of Uie forma which are subjected 
to experiment; for systematic afOnity attempts to express all kinds of 
reaemblance between all species. 

" Pirst crosses between forma known to he varieties, or sufficiently 
alike to be considered as varieties, and their mongrel olTspring, are 
very generally, but not quite universally, fertile. Nor ia tiiia nearly 
general and perfect fertility surprising, when we remember how liable 
we avo to argue in a circle with respect to varietiea in a state of 
Nature ; and when we remember that the greater number of varieties 
have been produced under domestication by the selection of mere 
external differences, and not of differences in the reproductive system. 
In all other respects, excluding fertility, there is a close general 
resemblance between hybrids and mongrels." — Pp. 2T6-8. 

AYe fully ajjree with the general tenor of this weighty 
passage; but forcible as are these arguments, and little aa 
the value of fertility or infertility as a test of species may 
be, it must not be forgotten that the really important 
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proved tliat all species give rise to hybrids infertile 
inter se, but there is much reason to believe that, i^ 
crossing, species exhibit every grad;itioii from perfect 
sterility to perfect fertility. 

Such are the most essential chM'aeteristies of species. 
Kven were man not one of them — a member of the same 
system and subject to the same laws — the question of 
their origin, their causal connexion, that is, with the 
other phaenomena of the universe, must have attracted 
liis attention, as soon as his intelligence had raised itself 
above the level of his daily wants. 

Indeed history relates that such was the case, and 
has embalmed for us the speculations upon the origin 
of living beings, which were among the earliest products 
of the dawning intellectual activity of man. In those 
early days positive knowledge was not to be had, but the 
craving after it needed, at all hazards, to be satisfied, and 
according to the country, or the turn of thought of the 
speculator, the suggestion that all living things arose 
from the mud of the Nile, from a primeval egg, or from 
some more anthropomorphic agency, afforded a sufficient 
resting-place for his curiosity'. The myths of Paganism 
are as dead as Osiris or Zeus, and the man who should 
revive them, in opposition to the knowledge of our time, 
would be justly laughed to scorn ; but the coeval imagi- 
nations current among the rude inhabitants of Palestine, 
recorded by writers whose very name and age arc 
admitted by every scholar to be unknown, have unfor- 
tunately not yet shared their fate, but, even at this day, 
are regarded by nine-tenths of the eiviUzed world as the 
authoritative standard of fact and the criterion of the 
justice of scientific conclusions, in all that relates to the 
origin of things, and, among them, of species. In this 
nineteenth century, as at the dawn of modern physical 
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with tbe supposition of its having arisen, as a m( 
'i>n of inorganic matter, by natural causes, 
"he doctriue of special creation owes its existence 
/ largc'ly to the supposed necessity of making science 
iccord with the Hebrew cosmogony ; but it is curious 
to ob3cr\"C that, as the doctrine is at present maintainetl 
by men of science, it is as hopelessly inconsistent with 
» the Hebrew view as any other hypothesis. 

If there be any result -^^'hieh has come more clearly 

iut of geological investigation than another, it is, that 

'the vast series of extinct animals and plants is not 

divisible, as it was once supposed to be, iuto distinct 

groups, separated by sharply-marked boundaries. There 

■are no great gulfs between epochs and formations — no 

Successive periods marked by the appearance of plants, 

bf water animals, and of land animals, en masse. Every 

■ adds to the list of links between what the older 

iologists supposed to be widely separated epochs : 

witness the crags linking the drift with the older ter- 

tiaries ; the Maestrieht beds linking the tertiaries with 

the chalk ; the St, Cassian beds cshibiting an abundant 

fauna of mixed mesozoic and palceozoic types, in rocka 

■tof an epoch once supposed to be eminently poor in life; 

Tritness, lastly, the incessant disputes as to whether 

riven stratum shall he reckoned devonian or carl 

rferous, Silurian or devonian, cambrian or silurian. 

This truth is further illustrated in a most interesting 

manner by the impartial and highly competent testimony 

of II. Pictet^ from whose calculations of what percentago 

of the genera of animals, existing in any formation, lived 

during the preceding formation, it results that in no 

ISO is the proportion less tlian one-thii-d, or 33 per 

int. It is the triassie formation, or the commencement 

C the mesozoic epoch, which has received this smallest 

iheritanee from preceding ages. The other formatit 
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not uucommonly exliibit 60, 80, or even 04 per cent 
of genera in. common ■with those whose remains are 
imbedded in their predecessor. Not only is tliig true, 
but the subdiviaioua of each formation exliibit new 
Bpecies characteristic of, and found oidy in, them ; and, 
in many cases, as in the lias for example, the separate 
beds of these subdivisions are distinguished by well- 
marked and peculiar fonns of ]Ife. A section, a hundred 
feet thick, will exhibit, at different heights, a dozen 
species of ammonite, none of which passes beyond its 
particular zone of limestone, or clay, into the zone below 
it or into that above it ; so that those who adopt the 
doctrine of special creation must be prepared to admit, 
that at intervals of time, corresponding witJi the thickness 
of these beds, the Creator thought fit to interfere with 
the natural course of events for the purpose of making 
a new ammonite. It is not easy to transplant oneself 
into the frame of mind of those who can accept such a 
conclusion as this, on any evidence short of absolute 
demonstration ; and it is difficult to see what ia to be 
gained by so doing, since, as we have said, it is obvious 
that such a view of the origin of living beings ia utteily 
opposed to the Hebrew cosmogony. Deserving no aid 
from the powerful arm of bibliolatry, then, does the 
received fonn of the hypothesis of special creation derive 
any support from science or sound logic % Assuredly 
not much. The arguments brought forward in its favour 
ail take one form. : If species were not supcruaturally 
created, we cannot understand the facts x, or y, or a; 
wo cannot understand the structure of animals or plants, 
unless we suppose they were contrived for special ends ; 
we cannot understand the structure of the eye, except 
by supposing it to have been made to see Avith ; we 
ciinnit understand instincts, unless we suppose ammala 
to have been miraculously endowed with them. 
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\ a queetion of dialectics, it must be admitted 1 
tUia sort of reasoning ia not very formidable to tW 
who ai-e not to be frightened by consequences. It iflfl 
'.tnjumentum ad ignorantiam — take this explanatiogi l 
Im! ignorauL But suppose we prefer to admit our igno* 1 
i-:mce rather than adopt a hypothesis at Tariance with 
iill the teachings of Nature 1 Or, suppose for a moment 
we admit the explanation, and then seriously ask om-- 
aelves how much the wiser are we ; what does the 
I'Xplanation explain 1 Is it any more than a grandilo- 
quent way of announcing the fact, that we really know 
nothing about the mUtter ? A phcenomenon is explained 
when it is shown to be ft case of some general law of 
Nature ; but the supernatural interposition of the Creator 
can, by the nature of the case, exemplify no law. and if 
species have really arisen in this way, it is absurd to 
attempt to discuss their origin. 

Or, liistly, let us ask ourselves whetlKT any amount 
of evidence which the nature of our faculties permits us 
to attain, can justify us in asserting that any phajno- 
menon is out of the reach of natural causation. To this 
end it is obviously necessary that we should know all 
the consequences to which all possible combinations, 
continued through unlimited time, can give rise. If we 
knew these, aud found none competent to originate 
species, we should have good ground for denying their 
origin by natural causation. Till we know them, any 
hypothesis is better than one which involves ua in such 
miserable presumption. 

But the hypothesis of specijd creation is not only a 
mere specious mask for our ignorance ; its existence in 
Biology mai4vs the youth and imperfection of the science. 
For \\diat is the history of every science but the his- 
tory of the elimination of the notion of creative, or 
", other intcrfciencoa, with the natural order of the phfeno- 
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mena which arc the subject-matter of that science ? 
When Astronomy was young " the morning stars sang 
together for joy," end the planets were guided iu their 
courses by celestial hands. Now, the harmony of the 
stars has resolved itself iuto gravitation according to 
the inverse squares of the distances, and the orbits of 
the planets are deducible from the laws of the forces 
which allow a schoolboy's stone to break a window. 
The lightning was the angel of the Lord ; but it has 
pleased Providence, in these modem times, that science 
should make it the humble messenger of man, and we 
know that every flash that shimmers about the horizon 
on a summer's evening is determined by ascertainable 
conditions, and that its direction and brightness might, 
if our knowledge of these were great enough, have been- 
calculated. 

The solvency of great mercantile companies rests oh 
the validity of the laws which have been ascertained 
to govern the seeming irregularity of that humiin life 
which the moralist bewaUa as the most uncertain of 
tilings ; plague, pestilence, and famine are admitted, by 
all but fools, to be the natural result of causes for the 
most part fully within human control, and not the 
unavoidable tortures inflicted by wrathful Omnipotence 
upon his helpless handiwork. 

Harmonious order govemmg eternally continuous 
progress — the web and woof of matter and force inter- 
weaving by slow degrees, witliout a broken thread, that 
veil which lies between us and the Infinite — that 
universe which alone we know or can know ; such is 
the picture which science draws of t!ie world, and in 
proportion as any part of that picture is in unison with 
the rest, so may we feel sure that it is rightly painted. 
Shall Biology alone remain out of harmony with Iier 
Bister sciences? 
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Sucli arj^mcnts against the hrpotheaa af Uio direct 
creation of sptcies aa these are plainly enongh dedacibk 
from general considerations ; but there are, in addition, 
|iIitt'Uoiuena exhibited by species themselves, and yet 
Hut (H) much a part of their very es-ence as to have 
required earlier mention, which are in the behest degree 
]»i;ri>lexitrg, if we adopt the popularly accepted hypo- 
lliesis. Such are the facta of diatribntion in space and 
in time ; the singular phEenomena brought to li^^t bj' 
ihe fitudy of development; the strectoral relations of 
H]iecii;s upon whieh our systems of classification arc 
founded ; tlie great doctrines of pltilosophical anatomy, 
Hiich iLB that of homology, or of the community of 
Hl.ructiii-al plan exhibited by large groups of spi 
'lifVcring very widely in their habits and functions 

The HjH'i^ies of auimals which inhabit the ae 
iiji[io3ite sides of the iiitlimus of Panama are wb 
iliHtiiiet;^ the animals and plants which inhabit islancfs 
iiro commonly distinct from those of the neighbouring 
mainlands, and yet have a similarity of aspect, He 
maniinnls of the latest tertiary epoch in the Old and 
Now Worlds belong to the same genera, or family 
groups, as those which now inhabit the same grwit 
geographical area. The crocodilian reptiles which existed 
in the earliest secondary epoch were similar in general 
Btrueture to those now living, but exhibit slight diffet- 
ences in their vertebra;, nasal passages, and one or two 
otlier points. The guinea-pig has teeth M'liich are shed 
liefore it is born, and hence can never subserve the 
masticatory purpose for which they seem contrived, and, 
in like manner, the female dugong has tusks which 
never cut the gum. All the members of the same 
I great group run through similar conditions in their 
I hhow thiit tliis statenietil is not atrk^ 
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development, and all tbcir parts, in the adult state, arc 
arnuiged according to the same plan. Man is more like 
a gorilla than a gorilla is like a lemur. Such are a few, 
taken at random, among the multitudes of similar facts 
which modern research has established ; but when the 
student seeks for an explanation of them from the sup- 
porters of the received hypothesis of the origin of species, 
the reply he receives is, in substance, of Oriental sim- 
plicity and brevity — "Mashallah! it so pleases Godl" 
There are different species on opposite sides of the 
isthmus of Panama, because they were created different 
on the two sides. The pliocene mammals are like the 
existing ones, because such was the plan of creation ; 
and we find rudimcntal organs and similarity of plan, 
because it has pleased the Creator to set before himself 
a " divine exemplar or archetype," and to copy it in his 
works ; and somewhat ill, those who hold this view 
imply, in some of them. That such verbal hocus-pocus 
should be received as science will one day be regarded 
as evidence of the low state of intelligence in the nine- 
teenth century, just as we amuse ourselves with the 
phraseology about Nature's abhorrence of a vacuum, 
wherewith Torricelli'a compatriots were satisfied to 
explain the rise of water in a pump. And be it recol- 
lected that this sort of satisfaction works not only 
negative but positive ill, by discouraging inquiry, and 
so depriving man of the usufruct of one of the most 
fertile fields of his great patrimony, Nature. 

The objections to the doctrine of the origin of species 
by special creation which have been detailed, must have 
occurred, with more or less force, to the mind of everj' 
one who has seriously and independently considered the 
BubjecL It is therefore no wonder that, from time to 
time, this hypothesis should have been met by counter 
liypothcses, all as well, and some better, founded thr.n 



itself; aud it is curious to remiirk that tlic inventors of 
the oppowing views eecra to have Ifcon IcJ Juto tlieiii 
aa niufh by tbolr knowledge of goology, as by their 
acqu.iintance with biology. In fact, when the mind L-w 
ouce admitted the coufciJtiou of the gradual pi-oduutioD 
of the present physical state of our glubu, by n;itiir;il 
causes operating througli loug ages of time, it will Iil- 
little disposed to allow tliiit living beings have made 
their appearance in niiotlier way, nud the speculations of 
De Maillct and his successors are the natural complement 
iif Scilhi's demonstration of the true nature of fossils. 

A contemporaiy of Newton and of Leibnitz, sharing 
therefore in the intellectual activity of the remarkable 
age which witneaseil the birth of modem physical 
science, Benoit de Maillot epcut a long life aa a consular 
Jigent of the French Government in various Mediter- 
ranean ports. For sixteen yeara, in fact, he held the 
uHice of Consul-General in Egypt, and the wonderful 
phjenoniena offered by the valley of the Nile appear to 
liave strongly impressed hia mind, to have directed his 
attention to all facts of a similar order which cJime within 
his observation, and to have led liim to speculate on the 
origin of the present condition of our globe and of its 
inhabitants. But, with all his ardour for science, De 
Maillet seems to have hesitated to publish views which, 
notwithstanding the iugeuious attempts to reconcile 
them with the Hebrew hypothesis contained in the 
preface to "Tclliamed," were hardly likely to be received 
witli favour by liis contemporaries. 

But a short time had elapsed since more than one of 
the great anatomists and physicists of the Italian school 
had paid dearly for their ei.deavours to dissipate 3 ome of 
the prevalent errors ; and their illustrious pupil, Harvey, 
the founder of modem physiology, had not fared so well, 
in a country less oppressed by the bonumliing influences i 
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of tlicology, aa to tempt any man to follow liis examplo. 
Probably not uninfluenced by these considerations, bis 
Catholic majesty's Consul-General for Egypt kept his 
theories to himself throughout a long life, for "Telli- 
amed," the only scientific work which ia known to have 
proceeded fi'Ora his pen, was not printed till 1735, when 
its author had reached the ripo age of seventy-nine ; and 
though De Maillet lived three years longer, his book way 
not given to the world before 1748. Even then it was 
anonymou.s to those who were not in the secret of the 
aua.gramatic character of its title ; and the preface and 
dedication are so worded aa, m case of necessity, to give 
the printer a fair chance of falling back on the excu.se 
that the ■ii'ork was intended for a mere jeu d'esprit. 

The speculations of the supposititious Indian sa^e, 
though quite as sound as those of many a " Mosiiif 
Geology," which sells exceedingly well, have no great 
value if we consider them by the light of modciii 
science. The waters are supposed to have originally 
covered the whole globe ; to have deposited the rocky 
masses which compose its mountains by processes com- 
]iarablc to those which are now forming mud,'sand, and 
shingle ; and then to Lave gritdually lowered their level, 
leaving the spoils of their animal and vegetable inhabi- 
tants cml)edded in the strata. As the dry land appeared, 
certain of the aquatic animals are supposed to have 
taken to it, and to have become gradually adapted to 
terrestriid and atirial modes of existence. But if we ' 
regard the general tenor and st}'le of the reasoning in | 
relation to the state of knowledge of the day, two 
circumstances appear very well worthy of remark. The I 
first, that De Maillet had a notion of the modifiability of | 
living forms (though without any precise information on I 
the subject), and how such moditialjility might account I 
for the origin of species ; tlic second, that he verj I 
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of spccii}s. pa\'tly \ij his general C08iiiologie.il and geolo- 
gical vitiws ; partly by the conception of a graduated, 
though irregularly branching, scale of being, which had 
arisen out of his profound study of plants and of the 
lower forma of animal life, Lamarck, whoso general line 
of thought often closely resembles that of IJo Slaillet, 
made a great advance upon the crude and merely specu- 
lative manner in which that writer deals with the ques- 
tion of the origin of living beings, by endeavouring to 
find physical causes competent to eficct that change of 
one species into another, which De Maillet had only 
supposed to occur. And Lamarck conceived that he 
had found in Nature such causes, amply sufficient for the 
purpose in view. It is a physiological fact, he says, that 
organs are increased in size by action, atrophied by 
inaction ; it is another physiological fact that modLfica- 
tiona produced arc transmissible to offspring. Change 
the actions of an animal, therefore, and you will change 
its structure, by increasing the development of the parts 
newly brought into use and by the diminution of those 
less used ; hut by altering the circumstances which 
Bun'ouiid it you will alter its actions, and hence, in the 
long run, change of circumstance must produce change 
of organization. All the species of animiils, therefore, 
arc, in Lamarck's view, the result of the indu'cct action 
of changes of circumstance upon those primitive germs 
which he considered to have originally arisen, by spon- 
taneous generation, within the waters of the globe. It | 
is curious, however, that Lamarck should insist 
strongly^ as he has done, that circumstances never in i 
any degree directly modify the form or the organization I 
of animals, hut only operate by changing their wants -j 
and consequently their actions ; for ,he thereby brings I 
I himself the obvious question, how, then, do j' 

' See Phil. ZtHilo^'ique, vol i. p. 222, et teq. 
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which cannot !« snul to have wants or actions, becor 
inoditicfl 'i To this he replies, that tliey ure modifii 
hy the cliangoa in their nutritive processes, which a 
effected by changing circumstances ; and it docs n 
Hi'em to have occuiTcd to him that such changes mig 
I>o ns well supposed to take place among animala. 

When we have said that Lamarck felt that me 
speculation was not the way to arrive at the origin 
«pecio8, but that it was necessary, in order to the esta 
ILshment of any sound theory on the subject, to discov 
by obser\'ation or otherwice, some vet'a causa, compete 
to give rise to them; that lie afiirmed the true omer 
classification to coincide with the order of their develo 
meut one from another; tliat he insisted on the necessr 
of allowing sufficient time, very strongly ; and that f 
the varieties of instinct and reason were traced back I 
Lim to the same cause aa that which has given rise ■ 
species, we have enumerated hia chief contributioBs 
the advance of the question. On the other hand, fro 
his ignorance of any power in Nature competent ■ 
modify the structure of animals, except the developmei 
of parts, or atrophy of them, in consequence of a chan| 
of needs, Lamarck was led to attach infinitely greati 
weight tliau it d&serves to this agency, and the absu 
dities into which he was led have met with deserve 
condemnation. Of the struggle for existence, on -whicl 
as, we shall see, Mr. Darwin lays such great stress, he ha 
no conception ; indeed, he doubts whether there reall 
are such thiugs as extinct epecies, unless they be sue 
large animals as may have met their death at the hand 
of man ; and so little docs he dream of thei-c being an; 
other destructive causes at work, that, in discusain 
\-M^- P''^^'^''^ existence of fossd shells, he asks, " Pourquc 
•" UOiirH scroient-ils j^erdues dfes que Thomme n*a g 
I deatmction?" (Phil. Zool., vol. ' 
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Of the iiifliipiieo of BGlcction Lamarck lins ns littlo 
notion, and he miikca no use of the woiulerful pliiEno- 
mena T\"hicli are exliiljited by domesticated animals, and 
illustrate its powers. The vast influence of Cuvier was I 
employed against the Lamarckian views, and, as the 
untenahility of some of his conclusiona was easily 
shown, his doctrines sank under the opprobium of 
scientific, as well as of theological, heterodoxy. Nor 
have the efforts made of late years to revive them 
tended to re-establish their credit in the minds of sound I 
thinkers acquainted with the facts of the case ; indeed I 
it may be doubted whether Lamarck has not suffered I 
more from his friends than from his foes. 

Two years ago, in fact, tliough we venture to question 
if even the strongest supporters of the special creation 
hypothesis had not, now and then, an uneasy conscious- 
ness that all was not right, their petition seemed more 
impregnable tlian ever, if not by its own inherent strength , 
at any rate by th3 obvious faUurc of all the attempts 
which had been made to carry it. On the other hand, 
however much the few, who thought deeply on the 
question of species, might be repelled by the generally 
received dogmas, they saw no way of escaping from 
them, save by the adoption of suppositions, so little jus- 
tified by experiment or by observation, as to be at least 
equally distasteful. 

Tlie choice lay between two absurdities and a middle 
condition of uneasy scepticism ; which last, however 
unpleasant and unsatisfactory, was obviously the only 
justifiable state of mind under the circumstances, 

Such being the general ferment in the minds of 
naturalists, it is no wonder that they mustered strong in 
ihe rooms of the Linna;an Society, on the Ist of July of 
the year 1858, to hear two papers by authors living 
on opposite sides of the globe, working out their results 



imlcpendpntly, and yet professing to tave discovered omi 
and the s;imc solution of all the problems connected \irith 
species. The one of those authors was an able iKituxaJist, 
Mr. Wallace, who had been employed for some years in 
studying the productions of the islands of the Indian 
Archipelago, and who had forwarded a memoir embody- 
ing his views to Mr. Diirwin, for communication to tliu 
Linntean Society. On perusing the essay, Mr. Darwin 
was not a little surprised to find that it embodied some 
of the leading ideas of a great work which he had been 
preparing for twenty years, and parts of which, contain- 
ing a development of the very same views, had been 
perused by bis private friends fifteen or sixteen yeais 
before. Perplexed in what manner to do full justice 
both to his friend and to himself, Mr. Darwin placed 
the matter in the hands of Dr. Hooker and Sir Charles 
Lyell, by whose advice he communicated a brief abstract 
of his own views to the Linnican Society, at the samo 
time that Mr. Wallace's paper was read. Of that abstract, 
the work on the "Origin of Species" is an enlargomeDt; 
but a complete statement of Jlr. Darwin's doctrine in 
looked for in the large and well-illustrated work which 
lie is said to be preparing for publication. 

The Darwiuinn hypothesis has the merit of being 
euiiucntly simple and comprehensible in principle, and 
its essential positions may be stated in a very few 
words : all species have been produced by the develop- 
ment of varieties from common stocks by the conversion 
I of these first into permanent races and then into new 
species, by the process of natural selection, which 
process is essentially identical with that artificial selcc' 
tion by which man has originated the races of domestac 
animals — the striirfgla for existence taking the place 
of man, and exerting, in the ease of natural selection, 
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that selective action which he performa in artificial 
selection. 

The evidence brought forward by Mr. Darwin in 
support of Lis hypothesis is of three kinds. Fiist, he 
endeavours to prove that species may be originated by 
selection ; secondly, be attempts to show that natural 
causes are competent to exert selection ; and thirdly, he 
tries to prove that the most remarkable and apparently 
anomalous phfenomena exhibited by the distribution, de- 
velopment, and mutual relations of species, can be shown 
to be deducible from the general doctrine of their origin, 
which he propounds, combined with the known facts of 
geological change ; and that, even if all these pbEenomena 
are not at present explicable by it, none are necessarily 
inconsistent with it. 

There cannot be a doubt that the method of inquiry 
which Mr. Darwin has adopted is Dot only rigorously in 
accordance with the canons of scientific logic, but that it 
is the only adequate method. Critics exclusively trained 
in classics or in mathematics, who have never determined a 
scientific fact in their lives by induction from experiment 
or observation, prate learnedly about Ifr. Darwin's 
method, which is not inductive enough, not Baconian 
enough, forsooth, for them. But even if practical ac- 
quaintance with the process of scientific investigation is 
denied them, they may learn, by the perusal of Mr. 
Mill's admirable chapter " On the Deductive Method," 
that there are multitudes of scientific inquiries, in which 
the method of pure induction helps the investigator but 
a very little way. 

**Tho mtxlo of irvealig.ition," saya Mr. Still, "which, from ths 
proved inapplicability of direct nietlioda of observation and experi- 
ment, remains to ns aa the mciin Eoarco of the knowledge vre possesB, 
or can nequiro, respecting the conditions and laws of recurrence of tho 
more complex phccuomeua, is called, in its most general exgireasion. 



"■] 



TUE ORIGIN OF SPECIES. 



295 



affirmation, 3o long, to our mintla, must the new doctrine 
be content to remain among the former — an extremely 
valuable, and in tlic Mghest degree probable, doctrine, 
indeed tbe only extant hypotbesis wbicb is worth any- 
thing in a scientific point of view ; but still a hypothesis,' 
;tnd not yet the theory of species. 

After much consideration, and with assuredly no bias 
agitinst Mr. Darwin's views, it ia cnr clear conviction 
that, as the evidence stands, it is not absolutely proven 
that a group of animals, having all the characters exhi- 
bited by species in Nature, has ever been originated by 
selection, whether artificial or naturaL Groups having 
the morphological character of species, distinct and per- 
manent races in fact, have been so produced over and 
over again ; but there is no positive evidence, at present, 
that any group of animals has, by variation and selective 
breeding, given rise to another group which was even in 
the least, degree infertile with the first. Mr. Darwin is 
perfectly aware of this weak point> and brings forwai'd a 
multitude of iiigenioua and important arguments to di- 
minish the force of the objection. We admit the vahie 
of these arguments to their fullest extent ; nay, we will 
go 80 far as to express our belief that experiments, con- 
ducted by a skilful physiologist, would very pi-obably 
oI)tain the desired praduction of mutually more or less 
infertile breeds from a common stock, in a comparatively 
few years ; but still, as the case stands at present, this 
"little rift within the lute" is not to be disguised nor 
overlooked. 

In the remainder of Jlr. Darwin's argument our own 
private ingennity has not hitherto enabled us to pick 
boles of any great importance ; and judging by what we 
hear and read, other adventurers in the same field do not 
seem to have been much more fortunate. It has been 
ui-ged, for instance, that in his chapters on the sti'uggle 
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for cxifltriico nnd on natural selection, Sfr. Darwin deal 
Tiot BO much prove tlint imtural 51'lcction does occor, in I 
that it must occur ; but, in fuct, no otlicr sort of demonstiv 1 
tiou is attainable. A race does not attract our attentiou I 
in Nature until it has, in all probability, esistod fw s I 
considerable time, and then it is too late to iuc|aire into 
the conditions of its origin. Again, it is said tbat there 
is no real analogy between the selection which takes 
plaec under domestication, by human influence, and any 
iipcration which can be effected by Nature, for man into 
furea intelhgently. Reduced to its elements, Ibis ai^n- 
raent implies that an effect produced with trouble by an 
intelligent ngeut nmat^O. fortiori, be more troublesome, if 
not impossible, to an uuintellJ^nt agent Even putting 
aside the question ^\hctber Nature, acting as sue does 
iiccording to definite and invariable laws, can be i-ightiy 
called an unintelligent agent, such a position as this is 
wholly untenable. Mix salt and sand, and it shall puzzle 
the wisest of men, with his mere natural appliances, to 
separate all the grains of sand from all the grains of salt ; 
but a shower of rain will effect the same object in ten 
minutes. And so, while man may find it tax all bis in- 
telligence to separate any variety which arises, and to 
breed selectively from it, the destructive agencies inces- 
santly at work in Nature, if they find one vai-iety to be 
more soluble in circumstances than the other, will inevit- 
ably, in the long run, eliminate it 

A irequent and a just objection to the Lamarckian 
hypotliesis of the transmutation of species is based upon 
the absence of transitional forms between many species. 
Hut against the Darwinian hypothesis this argument has 
no force. Indeed, one of the most valuable and sugges- 
tive parts of Mr. Darwin's work is tliat in wliieh ho 
proves, that the firequent absence of transitions is a nc- 
cessaiy consequence of his doctrine, and that the stock 
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: whence two or more species have sprung, need in no 
respect be iutermediatc between these species. If any 
two species Lave arisen irom a common stock in the siime 
way as the carrier and the pouter, say, have arisen from 
the rock-pigeon, then the common stock of these two 
species need be no more intci'mediate between the two 
than the rock-pigeon is between the carrier and pouter. 
Clearly appreciate the force of this analogy, and all the 
ailments against the origin of species by selection, base<l 
on the absence of transitional forms, fall to the ground. 
And Mr. Darwin's position might, we think, have been 
even stronger than it is if he had not embarrassed himself 
with the aphorism, *' Natura non facit saltum," which 
turns up so often in hia pages. We believe, as we have 
said above, that Nature does make jumps now and then, 
and a recognition of the f;ict is of no small importance 
in disposing of many minor objections to the doctrine 
of transmutation. 

But we must pause. The discussion of Sir, Darwin's 
arguments in detail would lead us far beyond the limits 
within which wc proposed, at starting, to confine this 
artielo. Our object has been attained if we have given 
an intelligible, however brief, account of the established 
facts cormected with species, and of the relation of the 
explanation of those facts offered by Mr. Darwin to the 
theoretical view's held by his predecessors and his con- 
temporaries, and, above all, to the requirements of scien- 
tific logic. "VVe have ventured to point out that it does 
not, as yet, satisfy all those requirements ; but we do not 
hesitate to assert that it is as supeiior to any preceding 
or contemporary hypothesis, in the extent of observational 
and experimental basis on w-hich it rests, in its rigorously 
Bcicntific method, and in its power of explaining biolo- 
gical phfEnomena, as was the bj-pothesia of Copernicus to 
the speculations of Ptolemy. i!ut the planetary orbits 
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turned out to be not quite circular after all, and, grand I 
as was tlic service Copernicus rendered to science, Kepler 1 
and Newton Itad to come after him. ^Vhat if the orbit 
of Dai-wiuism should he a little too circular ? What if 
Kpecies should offer residual phainomena, here and there, 
not explicable by natural selection 1 Twenty years hence 
uaturtdist« may be in a position to say whether this is, or 
is not, the case ; but in eithc-r event they will owe the 
author of "The Origin of Spmies" an immense debt of 
gratitude. Wc should leave a vciy wrong impression on 
the i-eadcr's mind if we permitted him to suppose that 
the value of that work depends wholly on the ultimate 
justification of the tUeoretieal views which it contains. 
On the contrary, if they were disproved to-mon-ow, the 
book would still be the best of its kind— the most com- 
pendious statement of well-sifted facts bearing on the 
doctrine of species that Las ever appeared. The chaptcra 
on Variation, on the Struggle for Existence, on Instinct, 
on Hybridism, on the Imperfection of the Geological 
Record, on Geographical Distribution, have not only no 
■ equals, but, so far as our knowledge goes, no competitors, 
within the range of biological literature. And viewed as 
a whole, we do not believe that, since the publication of 
Von Bacr'a Researches on Development, tlm-ty years ago, 
any work has appeared calculated to exert so large an 
infiuenee, not only on the future of Biolo^, but in ex- 
tending the domination of Science over regions of thought 
into which she has, as yet, hardlv Bcnetrated. - 
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In the course of the present year [1SG4] several foreign 
commentaries upon Mr. Darn-in's great work have made 
their appearance. Those who have perused that re- 
markable ehapter of the " Antiquity of Man," in which 
Sir Charles Lyell draws a parallel between the develop- 
ment of species and that of languages, will be glad to 
hear that one of the most eminent phUologera of Ger- 
many, Professor Schleicher, has, independently, published 
a most instructive and philosophical pamphlet (an excel- 
lent notice of which ia to be found in the Header, 
for February 27th of this year) supporting similar views , 
with all the weight of his special knowledge and 
established authority as a linguiat. Professor Haeckelj 
to whom Schleicher addresses himself, previously took 
occasion, in his splendid monograph on the Radiolaria^ 

* " Die nadiuliirien r eino Monograpliie," p. 231. 
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to cx])rcs8 Iiis Iiigli appreciation of, aud general conco^B 
once with, ]^Ir. Durwiu's views, H 

Hut tlie most elaborate criticisms of tie " Origin H 
Speeies " which have appeared arc two works of V(^| 
wiilcly different merit, the one by Professor Kollikcr, t^| 
woll-liuown anatomist and Listologist of Wiirzhurg ; t^| 
other by JI. Flourens, Perpetaal Secretary of the FrendH 
Academy of Sciences. 

Professor Kolliker'a critical essay " Upon the Dar- 
\>'inian Theory " is, like all that proceeds from the pen 
of that tlioughtful and accomplished writer, worthy (da 
the most careful consideration. It comprises a brief liujfl 
eleiir ekoteh of Darwin's views, followed by an onume^ 
ration of the leading difficulties in the way of tbeiM 
acceptance ; difficulties which would appear to be insuJ 
mountalile to Professor Kolliker, inasmuch as he proposeq 
to replace Mr, Darwin's Theory by one which he termn 
the " Theory of Heterogeneous Generation." We shal^ 
proceed to consider first the destructive, and secondlyij 
the constructive portion of the essay. ■ 

"We regret to find ourselves compelled to dissent vet^ 
widely from many of Professor Kolliker'a remarks ; anfl 
from none more thoroughly tlian from those in which hj 
seeks to define what we may term the philosophiciH 
position of Darwinism. fl 

" Darivin," says Profossor Kolliker, "is, in the fullr^t Bcnao of t^H 
word, a Xeleologist. He saya quitti distinctly (First Edition, pp. lIlaH 
200) t!ia.t every particular in the structure of an animal lias bec^f 
(.Tented for its benefit, and he regarJa the \Yhole series of uuiinal foFU^H 
ouly from this point of view." H 

And again : H 

"7. The tcleological general CLinccption adopted by Darwin is ^| 

mistaken one. ■ 

" Varieties arise irrespectively of the notion of purpoao, or of utilitjjfl 

according to gpneml laws of Nature, and may bo cither useful, fl^| 

hurtful, or iiiJifl'^rcut. ^H 
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[1 that BtL orgamsm esiats only on account of GOme 
V, and represents eomething more than llio incor- 
1 general idea, or law, implies a one-siJed conception of 
the univerBa Assuredly, every organ has, and every organism fulfils, 
its end, but its purpose is not the condition of its existence. Every 
(irgnniam is a!ao autticicnily perfect for the pnrpose it serves, and in 
tbat, at least, it is useless to seek for a cause of ita iniprovement." 

It is singular bow differently one and the same book 
■will impress different minds. Tbat wbicb stmck the 
present writer most forcibly on bis first perusal of tbc 
" Origin of Species" was tba conviction tbat Teleology, 
.13 commonly understood, bad received its deathblow at 
Mr. Darwin's bands. For the teleological argument runs 
thus : an organ or organism (A) is precisely fitted to 
perform a function or purpose (B) ; therefore it was 
specially constructed to perform that function. In 
Paley's famous illustration, tlie adaptation of all tbe 
parts of the watch to the function, or purpose, of show- 
ing the time, is held to be evidence that the watch was 
specially contrived to that end ; on the ground, that the 
only cause we know of, competent to produce such an 
effect aa a watch which shall keep time, is a contriving 
inteUigencG adapting tbc means directly to tbat end- 
Suppose, however, that any one bad been able to show 
tbat the watch bad not been made directly by any 
person, but that it was the result of the modification 
of another watch which kept time but poorly ; and that 
this again had proceeded from a structure which could 
hardly be called a watch at all — seeing that it had no 
figures on the dial and the hands were rudimentary ; 
and that going back and back in time we came at last 
to a revolving baiTcl as the earbcst traceable rudiment 
of the whole fabric. And imagine tbat it bad been 
possible to show that all these changes had resulted, fii'st, 
from a tendency of the structure to "vary indefinitely ; 
and secondly, from something in the surrounding world 

14 
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irluch helped sO Tuiotiotis in tbe direction of an acca- 
rate time-kecpT, and checked all thcec in other directions; 
thca it ia oliviou? that tte force of Paloy's argnmciit 
woold be gone. For it would be dcmoustratcd that aa 
A{^iaiatn3 thoronghlj' wi^ adapted to 3 particular pur- 
pose might be the result of a method of trial and error 
irotked by onintcUigent agents, as well aa of the direct 
application of the means appiopnatc to that cud, by an 
inteUigcnt agent. 

Now it appears to as that what we have here, for il!u^ ' 
tnilion'a sake, supposed to be done with the watch, \t 
exactly what the estaLlisbment of Danvin's Theory will 
do for the organic world. For the notion that every 
organism has been created as it is and launched straiglit 
at a purpose, ilr. Darwin substitutes the conception of 
Bomething which may fairly be termed a method of trial I 
and error. Organisms vaiy incessantly; of these varia- 
tions the few meet with surrounding conditions which 
suit them and tlirive ; the many are unsuited and be- 
come cxtingnislieil. 

According to Teleology, each organism is lite a rifle ' 
bullet fired straight at a mark ; according to Darwin, 
organisms are Hke graposhot of which one hits eome- 
Lhing and the rest fall wide. 

For the tclcologist an organism exists because it was 
made for the conditions in which it is found ; for ttic 
Darwinian an organism exists because, out of many of 
iU kind, it is the only one which has been able to persist 
iu the conditions in which it is found. 

Teleology imiilics that the organs of every organism 
are perfect and cannot he improved ; the Darwinian 
theory simply aflirnis that they work well enough tn 
jftnablo the organism to hold its own against such com- 
ititora as it has met with, but admits the possibility of 
I^d(^filute impiovemeut. But an example may bring 
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Mfcp clearer llglit the profound opposition between the 
^Hilary teloological, and the Dai-winian, conception. 
^Bats catch mice, Email Lirds and the like, very well. 
^Kology tells us that they do so because they were 
■expressly constructed for bo doing — that they are perfect 
mousing apparatuses, so perfect and so delicately ad- 
justed that no one of their organs could be altered, 
without the change involving tlie alteration of all the 
rest Darwinism affirms, on the contrary, tJiat there 
■was no express construction conceracd-in the matter; 
but that among the multitudinous variations of the 
Feline stock, many of which died out from want of 
power to resist opposing influences, some, the cats, were 
better fitted to catch mice than others, whence they 
throve and persisted, in proportion to the advantage 
over their fellows thua offered to them. 

Far from imagining that cats exist in order to catch 
mice well, Darwinism supposes tliat cats exist because 
they catch mice well — mousing being not the end, but 
the condition, of their existence. And if the cat-type 
has long persisted as we know it, the interpretation of 
the fact upon Darwinian principles would be, not that 
the cats have remained invariable, but that such varieties 
as have incessantly occurred have been, on the whole, 
leas fitted to get on in the world than the existing 
stock. 

If we apprehend the spirit of the " Oiigin of Species" 
rightly, then, nothing can be more entirely and abso- 
lutely opposed to Teleology, as it is commonly under- 
stood, than the Darwinian Theoiy. So far from being 
a " Teleologist in the fullest sense of the word," wo 
lihoulcl deny that he is a Teleologist in the ordinary 
sense at all ; and we should say that, apart fi'om hia 
merits as a naturalist, he has rendered a most remarkable 
service to philosophical thought by enabling the student 




intetpr«ation he JotB "C" "i^ j,„^ detail in H* 
hi- rightly, ao.,.«J J?^''t^ted for iu !«-*■ 
rtrnctare of an animal has Eee» " 
Hia worda are (p. 10») ^ i. «« ~>M 

•n«I bdi.™. lb.t .a, many .mclo<" '»". "XtSii tree, •"•« 
M »W>loUly fAUl to my theory — ye'^ 1 miT wjuu- ,« 

tiirM are of no djrect aae to Iheir pMB*sw»r. 

AM d-tcr Bunr3r>' illoatrationa and qaalifieatiotts, li 
conclutlca (p. 200) : — - 

" Hence every detail of Btractore in erery living crcatme (mAa 
■ome littlo allowance for the direct action of physical conditions) m 
l»' yieweA either as havirtR \^tm <.f special use U. eome anneatral for 
or Bfl being now of BpecJAl nao to the dcBcendflols of lliia form — tali 
directly, or indirectly, through tlie complex laws of gcciwHi. 

But it is one tbing to say, Darwinically, that ere 
(li'loil observed in an animal's structure is of use to 
or )jaa been of use to its ancestors ; and quite anotl 
In (lilirm, telcologically, that every detail of an aniait 
ftni.turo has been created for its benefit. On tbe forn 
IiyiK.tlioBia, for example, the teeth of the fcctal Bala 
lir.ve a meaning ; on the latter, none. Bo far as i 
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PIKaTe, there is not a plir.isG in tho " Origin of Species/' 
•inconsistent with Professor Kolliker'a position, that "va- 
rieties arise irrespectively of the notion of purpose, or 
of utUity, according to general laws of Nature, and may 
bo either useful, or hurtful, or indiiTerent." 

On tho contrary, Mr. Darwin writes (Summary of 
Chap. V.) :— 

" Our i.^nornncc of the laws of yariation is prnfoimd. Not in one 
case out of a hunJrcJ can we pretend to assign any reaaon why this or 
tliat part varies more or less from the same part in the parents, .... 
The external conditiona of life, as climate jiud fooJ, &c eeem to have 
induced some slight modiScationa. Hahit, in producing constitutional 
dilTerences, and usp, in strcngthcniiig, and disuse, in weakening and 
diuiiniahiog organs, seem to have been moK potent in their elTects," 

And finally, as if to prevent all possible misconception^ 
Mr. Darwin concludes his Chapter on Variation with 
these pregnant words : — 

"'W'liatever the cause may ho of each slight difTerence in the oflsprirg 
irom their parents— and a cauae fur each must exist— it is the steady 
accumulation, throu';h natural selection of such diiferences, when bene- 
licial to tho individual, that gives rise to alt the more important 
modifications of structure, hy which the iniinnierahle heinga on the 
face of the earth em enabled to struggle witii eaeh other, and the best 
adapted to survive." 

We have dwelt at length upon this subject, because of 
its great general importance, and because we believe that 
Professor Kolliker's criticisms on this head are based 
upon a misapprehension of ilr, Darn-in'a views — sub- 
stantially they appear to us to coincide with his own. 
The other objections which Professor Kollikcr enumerates 
and discusses are the following ■} — 

" 1. No transitional forma between existing species are known ; 
nnd known varieties, whether selected or epuntaneous, never go su 
fiir as to establish new species." 

• Space will not allow ns to frive rrofeanor Killlikcr'a ai^inucnts in detwl ( | 
Km readers will Und a full and accurate version of them. In the Header lut 
Aiiguit IDihaudiiiith, ISCi 



306 ur senssoNs, addresses, a.\d nnriEw^s. 

To tills Trofessor Kolliker appears to attach Eomij 
Wright. He makes the suggestion that the sliort-facei] 
tumUer pigeon miiy be a pathological product. 

"2. No transitional forms of onimala arc met witli amang Ihe 
r^aiiio remains of earlier epochs.'' 

Upon thia. Professor Kolliker remarks that tlie abserct 
rbf tmnaitioiuil forms in the fossil world, though not ne- 
cessarily fatal to Darwin's views, weakens his caae; 

"3. The atragale fur esistcnce does not take place," 
To thia objection, urged by Pclzeln, Kolliker, TCl 
justly, attaches no weight. 

> give risB to useful vanutie^ 



"The varieties wliicli are found arise in conspquonca of manifuU 
fxlerniil iiifluencre, and it ia not obvious wliy tliey all, or partiallf, 
bIioiiM be pnrlii^ulnrly usefiiL iEauh animal suffices for its otrn enili^ 
is pprfdub of its kind, and needs no further development. Sboidd. 
liownver, ft variety be useful and eveu maintain itself, there ie at 
obvious reason wliy it should cliange any further, Tha whole cote 
ccption of tho imperfection of organisms and the necessity of t^sii 
bcHjoniing pprfeetnd is plainly the weakest aide of Darwin's Thwiry. 
and a pi» alter (Nothbelielf) because Darwin could tbink of no oHitr 
|trinciple by which to explain the metamorphoses which, aa I atiu 
believe, have occurred." 

Hero again we must venture to dissent completely 
from Profoaaor Kolliker's conception of Mr. Darwius 
hypothesis. It appears to us to be one of the many 
peculiar merits of that Lj-pothcsia that it involves no 
bulief in a necessary and continual progress of organiMBS. 

Again, Mr. Darwin, if we read him aright, assumes 

no special tendency of organisms to give rise to useful 

varieties, and knows nothing of needs of development, 

' necessity of perfection. What ho says is, in sub- 

: All organisms vary. It is in the highest degree 

feprobable that any given variety should Lave exactly 

sHmo relations to eurrouuding conditions as the 
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parent stock. In that case it ia either better fitted 
(when the variation may be called useful), or worse 
fitted, to cope with them. If better, it will tend to 
supplant the parent stock ; if worse, it will tend to be 
extinguished by the parent stock. 

If (as 13 hardly conceivable) the new variety ia 60 per- 
fectly adapted to the conditions that no improvement upon 
it is possible,— it will persist, because, though it does 
not cease to vary, the varieties will be inferior to itself. 

If, as is more probable, the new variety is by no 
means perfectly adapted to its conditions, but only 
fairly well adapted to them, it will persist, so long as 
none of the varieties which it throws off arc better 
adapted than itself 

On the other hand, as soon as it varies in a useful 
way, I. e. when the variation is such as to adapt it more 
perfectly to its conditions, the fresh variety will tend 
tu supplant the former. 

So far from a gradual progress towards perfection 
forming any necessary part of the Darwinian creed, it 
appears to us that it is perfectly consistent with indefinite 
persistence in one state, or with a gradual retrogression. 
Suppose, for example, a return of the glacial epoch and 
a spread of polar cliraatal conditions over the whole 
globe. The operation of natural selection under these cir- 
cumstances would tend, on the whole, to the weeding out 
of the higher organisms and the cherishing of the lower 
forms of life. Cryptogamie vegetation would have the 
advantage over Phanerogamic ; Hydrozoa over Corals ; 
Crustacea over Insecta, and Amphtpoda and Isopoda 
over the high-^r Crustacea; Cetaceans and Seals over 
the Primates, the civilization of the Esquimaux over 
that of the Eiu-opeau. 

"6. Pelzeln has also objrcteil that if the Inter orgDnisms hava 
pioccoiied from tlie eurlior, the wliule developmental scries, from tb.& 
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simplest to tlie lii^jlieat, could not now exUt; iu each a caea tltf 
simpler organiams must havB dieapptared." 

To this Professor Xolliker replies, -witli perfect jastiw, 
tliat the conclusion drawn by Pelzeln docs not really 
follow from Darwin's premises, and that, if we take tlie 
facta of Pa^ffiontoloD^ as they stand, they rather support 
than oppose Darwin s theory, 

" 6. Great 'wei^^'ht mnat be attaclied to the objection brought fonrard 
by Huxley, otherwise a warm supporter of Darwin's bypolbesis, thai 
we know of no varieties which are sterile with oue another, as is the 
rule among eharpty distinguished animal forms. 

" If Darwin ia right, it must be demonstrated that forms may 1» 
produced by selection, which, like the present sbariily distintpriilicd 
animal forms, are infertile when coupled with one another, and this 
has not been done." 

The weight of this objection is obvious ; but our 
ignorance of the conditions of fertility and sterility, 
t£e want of carefully conducted experiments ostondiug 

'cr long series of years, and the sti'angc atiomahcs 

isented liy the results of the cross-fertilization of 
many plants, sljould all, as Mr, Darwin has urged, be 
taken into account in considering it. 

The seventh objection is that we have already dis- 
cussed {suprd, p. 329). 

The eighth and last stands as follows: — 

" 8. The developmental theory of Darwin is not weeded to enable oii 
to understand the regular harmonioua progress of the complete scriis 
of organic forms from the simpler to the more perfucL 

" The existence of general laws of Nature explains this lianuony, 
even if we assume that all beings have ariaen separately and indc- 
jjondent of one another. Darwin forgets that inorganic nature, in 
which there can be no thought of a genetic connexion of Ibrms, 
exhibits the same regular plan, the eanio harmony, as the organic 
world ; and that, to cite only one example, there is as much a e ' ' 
RyEtem of niineruls as of plants and animals." 

"We do not feel quite sure that we seize Profog 
K^llikcr's meaning here, but he ajipears to suggest i 
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the observation of the general order and liEtrmony whicb ■ 
pervade inorganic nature, would lead us to anticipate a 
similar order and harmony Iq the organic world. And 
this is no doubt true, but it by no means follows that 
the particular order and harmony observed among them 
sliould be that which we see. Surely the stripes of dun 
liorscs, and the teeth of the fcetal Balmna, are not ex- 
plained by the " existence of general laws of Nature." 
Mr. Darwin endeavours to explain the exact order of 
organic nature which exists ; not the mere fact that 
there is some order. 

And with regard to the existence of a natural system 
of minerals ; the obvious reply is that there may be a 
natural classification of any objects — of stones on a sca- 
beacii, or of works of art ; a natural classifioatiou being 
simply an assemblage of objects in groups, so as to * 
express their most important and fundamental re- 
semblances and differences. No doubt Mr. Darwin be- 
lieves that those resemblances and differences upon 
which our natural systems or classifications of animals 
and phmta are based, are resemblances and diff'ercuces 
which have been produced genetically, but we can dis- 
cover no reason for supposing that he denies the existence 
of natural classifications of other kinds. 

And, after all, is it quite eo certain that a genetic 
relation may not underhc the classification of minerals ? 
The inorganic world has not always been what we see I 
it. It has certainly had its metamorphoses, and, very 
probably, a long " Entwickclungsgeschichtc " out of a 
nebular blastema. Who knows how far that amount | 
-of likeness among sets of minerals, in virtue of which I 
they are now grouped into families and orders, may I 
not be the expression of the common conditions to [ 
which that pai ticithir patch of nebulous fog, which may 
have been constituted by their atoms, and of wbicl 
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tliej may be, iu the stncteat sense, the dcscendantSj 
sul'jectc'i.! ? 

It will be olavioua from what has preceded, that 
ilo not agree with Professor KoUiker in thiukin; 
objections which he brings forward so weigbty jis to l* 
faUil to Darwin's view. Bnt even if the case were other- 
wise, we should be unaMc to accept the " Theory of 
Heterogeneous Generation " which is offcivd aa a auh- 
stitute. That theory is thus stated : — 

" Tiie fumliiuiDiital conception of iliis liypotliosis is, tJnt, Tinder tlifl 
influence of a gnneral law of devolopmeut, tlio germs of oi^nisins 
produce otliGTB different from tliemselvea. Thia might happen (1) by 
the fecundated ova passing, in the coarse of their development, under 
particular circumstance a, into Iiiyher forms ; (!i) hy the primitive and 
iator organisms producing other organisms without fecundation, out of 
germs or egga (Parthenogenesis)." 

In favour of this hypothesis. Professor Kollikcr tid- 
duces the well-known facts of Agamogcncsis, or " alter- 
nate generation ; " the extreme dissimilarity of the 
males and females of many animals ; and of the males, 
females, and neuters of those insects which live in 
colonics: and lie defines its relations to the Darwinian 
thi!ory as follows : — 

" It is obvious that my hypothesis is apparently very aimilat 
Ttiirwin'a, inasmuch as I al.so consider that tlie various forms 
ajiitimla have proceeded directly from one another, lij hypothesis 
the creation of organisma by heterogeneous generation, however, 
distinguished very essejitially from Darwin's by the entire absence of 
tlie principle of useful variations and their natural selection ; and my 
fiindumental conception is thia, that a great plan of development lies 
at the foundation of the origin of the whole organic world, impelling 
the simpler forms to more and more complex developments. How 
this law operates, what iiifluenees determine the development of the 
eggs and germs, and impel them to assume constantly new for ~" 
naturally cannot pretend to say ; but I can at least adduce the „ 
analogy of the alternation of generations. If a Bipinnaria, a £rai 
alaria, & Fla/eus, ia competent to produce the Ecliinoderm, which 
^a widely different from it ; if a hydruid pi>ljpo can pniduuo the liighi 
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Medusa; if the vermiform Tremntode 'nurae' can ilevelop within 
ifself tlio very unliko C'srcaria, it will not appear impossibla tbat tlio 
pgjr, or ciliated embryo, of a. sponge, fur once, under special condiLione, 
nii}{ht boconie a hydruid pol^'pe, or tlie vmbij'o of a Medusa, aa 
Eciiiiioderm." 

It is obvious, from these extracts, tbat Professor Kol- 
likcr's hypothesis is based upon the supposed existence 
of a close analogy between the phfenomena of Agamo- 
gcnesis and the production of new species from pre- 
existing ones. But is the analogy a real one ? We 
think that it is not, and, by the hypothesis, cannot be, 

For what are the phasnomena of Agamogenesis, stated 
generally 1 An impregnated egg develops into an 
asexual form, A ; this gives rise, ascxually, to a second 
form or forms, B, more or les3 different from A. B may 
multiply ascxually again; in the simpler eases, however, 
it does not, but, acquii-ing sexual characters, produces 
impregnated eggs from whence A onco more arises. 

No case of Agamogenesis is known in which, ivhe7i A 
differs widdy from B, it is itself capable of sexual 
propagation. No case whatever is known in which the 
progeny of B, by sexual generation, is other than a 
reproduction of A. 

But l£ this be a true statcinent of the nature of the 
process of Agamogenesis, bow can it enable us to com- 
prehend the production of new species from already 
existing ones 1 Let us suppose HyiEnas' to have pre- 
ceded Dogs, and to have produced the iattcr in this 
way. 'J'hcn the Ilyasna will represent A. and the Dog, 
B. The first diffic-idty that presents itself is that the 
llyjcna must be asexual, or the process will be wholly 
without analogy in the world of Agamogenesis. But 
passing over this diiiicnlty, and supposing a male and 
female Dog to bo produced at tlie same time from tha 
Hy;eua stock, the pioyv'uy of the pair, if the analogy 
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of the simpler tinds of Agamogencsis^ is to be follon-cii, 
eliould be a litter, not of puppies, but of young Hyaenas. 
For the AgnaiogcQctic series is always, aa we have scon, 
A : B : A : 1), &c.; wbGrGas, for the production of a new 
specic3, the eeriea must be A : B : B : B, &c The pro- 
duction of new species, or genera, is the extreme perma- 
nent divergence from the primitive stock. All kncran 
Agamogenetic processes, on the other hand, end in a 
complete return to the primitive stock. How then is 
the production of new species to be rendei-ed intelligible 
hy the analogy of Agaraogenesis ! 

The other alternative put by Professor Kolliker — the 
])as3age of fecundated ova in the course of their develop- 
ment into higher forms — would, if it occurred, be merely 
an extreme ease of variation in the Darwinian sense, 
greater in degree than, but perfectly similar ia kind to, 
that which occurred when the well-known Ancon Earn 
was developed from an ordinary Ewe's o\-um. Indeed 
we have always thought that Sir, Darwin has unneces- 
sarily hampered himself by adhering so Bti'ictly to his 
favourite "Natura non facit saltum." We greatly 
suspect that £he docs make considerable jumps in 
the way of variation now and then, and that thi 
saltations give rise to some of the gaps which apa 
to esiat in the series of laiown forma. 

Strongly and freely as we have ventured to disa; 

' IF, cm tlie contrary, we follow tlia analog of tlie mote comTiles forma of 
Agsiiiogenesis, such aa that exhibited by some Tnmatoda and by the dphiiia 
the Eyn^na luuat produce, asexually, a brood of aseiail Dogs, from nhkh 
other sexless Dogs must proceed. At the end of e, certain number of terms 
of the SDrics, the Doj^ woald acquire sexes and generate yoting ; but these 
yoiiii;; would be, not Doga, but Hyitniis. In fact, ■we hftTe demojistraUd, in 
Agamogenetic phasnomenBith lit inevitable rei^tirrenco to the ori^al type, whiuli 
b aaierted to be true of Tarialinna in general, by Jlr. Darwin's opponenUj , 
and whirh, if the assertion could be chuugcd into » demonstration, woolj' ' 
fact, be futal to his hypothesis. 
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with Professor EoUitcr, we have always done so witli 
pcgrct, aud wc trust without violating that respent which 
ia due, not only to hia scieotLfic eminence and to the 
careful study which he has devoted to the subject, but 
to Iho perfect fairness of his argumentation, aud the 
f,'cnerou3 appreciation of tho worth of Jlr. D;irwin'a 
hibours which he always displays. It would be satisfac- 
tory to be able to say as much for JI. Flourcns. 

But the Perpetual Secretary of the French Academy 
of Sciences deals with Jlr. Darwin as the first Napoleon 
would have treated an "ideologue;" and while dis- 
playing a painful weakness of logic and shallowness of 
information, assumes a tone of authority, winch always 
touches upon the ludicrous, and sometimes passes the 
limits of good breeding. 

Por example (p. 5G) ; — 

"5r. EiTwin continue: 'Ancuno (lislinc'ion aT)s"lno n'a cfi! et rn 
[wut Gtro dtablie entte lea esptcRs tt li?s vanuti^-s ' Je voiia iii d»?jk dit 
que vous voua trompicz; uuo ditdnciion aljsuliio ELparo ka sariatAj 
d'iivec lus es|jti;c3." 

"Je vous ai dcjd dit ; moi, Jl. le Sccrelairc p':rpctucl 
do I'Acadcraie des Sciences : ct vous 



what do you mean by asserting the contrary?" Ceing 
devoid of the blessings of an Academy in England, we 
are unaccustomed to see our ablest men treated in thia 
fashion even by a " Perpetual Secretary/' 

Or again, considering that if there is any one quality 
of Mr. Darwin's work to which friends and foes have 
alil^e borne mtness, it is his candour and fairness in 
admitting aud discussing objections, what ia to bo 
thought of M. Flourcns' assertion, that 
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K. Di*r»ii) ito cile t^uc lea nuloun qui [•aitit^ut £C8 o|>inii)n| 
'nee more (p. 65) : 



ft' 

^^V'Knfm I'oavrage de ir, Darwin ft parn. On oe pent qn'tttre fraj 
^^Kinlcnt de I'auteur, Uaia que d'iJees olucurta, quo li'idces 
Qniil jargou m6tapliyaique juto mat & pMi>os daua I'bixtoire natm 
qui tombe dans lo gultniatias ded qu'iilla sart di'a iJi-i-s clairee, d 
\li5c9 justea I Quel langige pr^Wntieux et vide 1 Qtiellea pe 
licntiona pucrili's et suraauiJeaj O luuidili^ 1 O solidity do 1' 
frarifaifl, quo dovenea-vous I " 

"Obscure iJcas," "metaphysical jargon," "pretontioi 
antl empty languan;e," "puerile and supcraunuated pa 
sonificatious." Mr. Darwin has many and hot opponent 
on this side of the Channel aud*in Germany, but we i 
not recollect to have found precisely these sioa in ti 
long catalogue of those hitherto laid to his charge. It ) 
worth ivhile, therefore, to examine into these dlscoveri' 
effected soMy by the aid of the "lucidity and solidity' 
of the mind of M. Floureua. 

According to M. Floiuens, Mr, Darwin's great error J 
that he has peraouified Nature (p. 10), and further thi 
he has 

"imasined a natural Bclection ; La imagines aPtcrwarda that U 
power of selecting {pouyotr d'elire) wliich lie gives to Nature is uinil 
to tile power ol' man. Tbeso two euppositioDs admitted, Qothii 
stopa him : he r'^.V^ ^'i^h Nature as he likes, and makes hec do s 
lie pleases." (P. 6.) 

And this is the w;iy M. Fioiircus extinguishes natura 
selectiou : 

" Voyona done encore une foia, ce qu'il peut y avoir de fondd dan 
ce qu'on iiomme iUrtlon valui'elle. 

"L'iUaioa nalurdle n'est sous un autre nom que la nature, 
un etie orgauisi^, la nature n'est que I'organisatiun, ni [ilus ni rnoins. 

" II faudnt done aussi pcisunnifier Vorganisatimi, et dire qn 

TorganUalion cboisit V organisation, VeUctitm vaiumlU est cett 

Q^cV'jnB mbstanlielU dont on jouait autrefois avec taut de facility 

'IjCivLotc disuit que ' Si I'ui't du Mtir £tult duns le bois, cet art agirai 
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enuiniG la nature.' A In place de Vart tie bAtir M. Daiwin met 
Crlecium naturdU, et c'l^at tout uu : I'un u'est paa plus cltixkuSrictua i 
que rautre." (P. 31.) 

And this ia really all that M. Flourens can make of 
Natural Selection. We have given the original, in fear 
lest a translation should be regarded as a travesty ; but 
with the original before the reader, we may try to 
analyse the passage. " For an organized being. Nature 
ia only organization, neither more nor less," 

Organized beings then have absolutely no relation to 
inorganic nature : a plant does not depend on soil or 
EUDshine, climate, dejith in the ocean, height above it ; 
the quantity of saline matters in water have no influence 
upon animal life ; the substitution of carbonic acid for 
oxygen in our atmosphere would hurt nobody 1 That 
these are absurdities no one should know better thnn 
M. Flom-eus ; but they arc logical deductions from the 
assertion just quoted, and from the further statement 
that natural selection menus only that "organization 
chooses and selects organization," 

For if it be once admitted (what no sane man denies) 
that the chances of life of any given organism are 
increased by certain coDditions (A) and diminished by 
their opposites (B), then it is mathematically certain that 
any change of conditions in the direction of (A) will ■ 
exercise a selective influence in favour of that organism, 
tending to its increase and' multiplication, while any 
change in the direction of (B) will exercise a selective j 
influence against that organism, tending to its decrease I 
and extinction. J 

Or, on the other hand, conditions remaining the same, | 
let a given organkm vary {and no one doubts that they i 
do Vf>ry) in two directions : into one fonn (a) better fitted I 
t« cope with these conditions than the original stock, I 
and a second (6) Icks well adapted to them. Then it is I 
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no losit certain tliiif tlic comlilious iii gucHtJmi 
exefviae ii selective influence in favour of (a) nnd nj^ 
{h). m that (a) will tend to prirdominnncc, and \b) to 
v^'xtirpation. 

1'hat M. Flourcns should l>c unable to perceive tbu 
Iiifjical ncccftaity of thesn simple arguments, which lie at 
ilie foundation of all Mr. Darwin's reasoning; that he 
.sliould confound an irrefragable deduction from the 
observed relations of organisms to the conditious which 
lie around thera, with a metaphysical "forme substan- 
tielle," or a chimerical person iiication of the powers 
of Nature, would be incredible, were it not that other 
passages of his work leave no. room for doubt upon 
the subject. 

" On iniBgiiie one iltetloa natureUe que, pour plua de nn-najp^menl, 
on me dit i^lre inctmtcKrttr, sans s'apercQvoir quo lo contre-scD^s liU^ral 
(!st pr(!ois6ment lit: iUction inconAciaile" (P. 52.) 

"J'fti dt^ja (lit ce qu'il fiiut penser de HiUnliftn naturclle. On 
CeUction nattirdU n'est rien, ou cVst la nature : maU la nature ilmieii 
it4lecUon, niiiia la nature person n i tico ; dcruiere erreuc du dcrnitr 
Biiicle : Le 3tut* ne fait plus de pci-aoEnifications." (P. S3.) 

M. Flourens caimot imagine an unconscious scled 
— it ia for him a contradiction in terms. Did 
Flourens ever visit one of the prettiest watering-pl; 
of "la belle France," the Baie d'Arcachon ^ If so, lie 
will probably have passed through the district of the 
Landes, and will have had an opportunity of observing 
the formation of " dunes" on a grand scale. What ait! 
these " dunes !" The winds and waves of the Bay oi 
Biscay have not much consciousness, and yet they have 
with great care "selected," ft'om among an infinity ot 
masses of silex of all shapes and sizes, which have been 
submitted to their action, all the grains of sand below a 
certain , size, and have heaped them by themselves over 
great area. This sand has been "unconsciously 

' jcted " from amidst the gravel in which it first lai 
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with n.3 mucli precision as if man had " consriously 
selected " it by the aid of a sieve. Physical Geology ia 
full of such selections — of the picking out of the soft 
from the hard, of the soluble from the insoluble, of the 
fusible from the infusible, by natural agencies to which 
we are certainly not in the habit of ascribing con- 
Bciousness. 

But that which \\'ind and sea are to a sandy beach, 
the sum of iufiuenccs, whieb we term the "conditions 
of existence," is to living organisms. The weak are 
sifted out from the strong. A frosty night * selects " 
the hardy plants in a plantation from among the tender 
ones as effectually as if it were the wind, and they, the 
aand and pebbles, of our illustration ; or, on the other 
hand, as if the intelligence of a gardener had been 
operative in cutting the weaker organisms down. The 
thistle, which has spread over the Pampas, to the 
destruction of native plants, has been more effectually 
"selected" by the unconscious operation of natural con- 
ditions than if a thousand agriculturists had spent their 
time in sowing it. 

It is one of Jlr. Darwin's many great services to 
Biological science that he has demonstrated the sig- 
nificance of these facts. He Las shown that — given 
variation and given change of conditions — the inevitable 
result is the exercise of such an influence upon organisms 
that one is helped and another is impeded ; one tends 
to predominate, another to disappear ; and thus the 
jiving world bears within itself, and is surrounded by, 
impulses towards incessant change. 

But the truths just stated are as certain as any other 
physical laws, quite independently of the truth, or false- 
hood, of the hy^iothesis which Mr. Darwin has based 
upon them ; and that 51. Flourcns, missing the substance 
and grasping at a shadow should be blind to the adnii* 
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mble esj>osition of them, fl-hicli Jfr. Darwin has given, 
and gee nothing there but a "demiere erreur du dcmier 
si^le" — a personification of Nature — leads ns indeed 
to cry with him : " luciditd ! O solidity de I'esprit 
Fmn^ais, que derenez-vous?" 

M. Flourena has, in fact, utterly failed to comprehend 
the first principles of the doctrine which he nssaila so 
rudely, llis objections to details are of the old sort, so 
battered and haclmeyed on this side of the Channel, that 
not even a Quarterly Ecvicwer could be induced to 
pick thein up fur the purpose of pelting Mr. Darwin 
over again. We have Cuvier and the mummies ; M. 
Uoulin and the domesticated auimalu of America ; the 
difficulties presented by hybridism and by Palaaontology; 
Darwinism a rifacciamento of De Madlet and Lamarck; 
Darwinism a system without a commencement, and ite 
author bound to believe in IL Pouchet, &c. kc Hq 
one knows it all by heart, and with what relief one r 
at p. G3 — 

" Je laisse iL Darwin ! " 

But wc cannot leave 11. Flourens without calling our , 
readers' attention to his wonderful tenth chapter, ' 
la PrCJexistence des Germcs et de TEpigenfese," wbUj 
opens thus : — 

"Spontaneous generation is only a ctiofDrn. This point esfl 
blUIied, two hypotheses reuiaiu : that of pre-rxistairt and that of 
epifffnesia. The ono of these hypothesia hiia as litlle fuundation as 
the other." (P. 1C3.) 

" The doctrine of epigenetii is derived from Harvey : following \ 
ocniar inspeelion the development of the new teinj; in the Wind^ 
does, he saw each part appear successively, and takiug the e 
of app'arance for the moment of furmaCioH ho imagined epii^enet: 
(P. 11)5.) 

On the contrarj', says IL Flourens (p. 1G7), 

"The new hcinR is formed at a elroke {tout dun coup), as a whott] 

Untaiicouuly ; it is not fonncd part by part, and at ilifTerent tinica 
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It is formed at once j it is formed at the single individual moment 
i.\. which the coiijunction of the male and female elements takes 
place- 
It will be observed tbat M. Flourens usea language 
wbieh cinnot be mistaken. For bim, the labours of Von 
Baer, of Eatbke, of Costc, and their conteraporaries and 
successors in Germany, France, and England, are non- 
existent ; and, as Darwin "imaglna" natural selection, so 
IlaiTey "imagina" tbat doctrine wbicb gives bim an even 
greater claim to tbe veneration of posterity than his 
better known discovery of tbe circulation of the blood. 

Language sucb as that we have quoted is, in fact, so 
jircpostcrous, bo utterly incompatible with anything but 
absolute ignorance of some of the best established facts, 
tbat we should have passed it over in silence bad it not 
appeared to afford some clue to JI. Flourens' unhesitating, 
d prion, repudiation of all forms of tbe doctrine of the 
progressive modification of living beings. He whose 
mind remains uninfluenced by an acquaintance with the 
pbcenomena of development, must indeed lack one of tbe 
chief motives towards the endeavour to trace a genetic 
relation between the different existing forma of life. 
Those who are ignorant of Geology, find no diiEcuIty in 
believing that the world was made as it is ; and the 
shepherd, untutored in history, sees no reason to regard 
tbe green mounds which indicate the site of a JRoraan 
camp, as aught but part and parcel of the primfeval 
hiU-eide. So M, Flourens, who believes that embiyos 
are formed "tout d'un coup," naturallyfinds no difficulty 
in conceiving that Bpeciea came into eid^tence in the 
same way. 




a:T TiTiiCArvTES' "discourse touching th 

tJIETHOD OF USING ONE'S REASON ETGHTL' 
AND OF SEEKING SCIENTIFIC TKUTH." 

It hfl3 Ijpon wen said that " till tho thonglits of mei 
from the ijcginning of tbo world until now, arc linka 
together into one great chain ; " but the conception ( 
the intellectual filiation of mankind which is cspressei 
in thci5e words may, perhaps, be more fitly shadowei 
forth by a different metaphor. The thoughts of mei 
seem rather to be comparable to the leaves, tlowera, an< 
fruit upon the innumerable branches of a few great st^nu^ 
fed by commingled and hidden roots. These stems beae 
the names of the half-a-dozen men, endowed with intel- 
lects of heroic force and clearness, to whom we are led, 
at whatever point of the world of thought the attempt 
to trace its history commences ; just as certainly as the 
fbllowing up the small twigs of a tree to the branehlets 
which bear them, and tracing the branehlets to theix 
supporting branches, brings us, sooner or later, to tl^ 
'.lole. 

It seems to me that the thinker who, more than any, 
other, stands in the relation of such a stem towards the 
philosophy and the science of the modem world is HenA 
Dgscartos. I mean, that if you lay bold of any charae* 
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terlstie proilnct of mo3eni ways of thinking, cither in 
the region of philosophy, or in that of science, you find 
the spirit of that thought, if not its form, to have been 
present in the mind of the great Frenchman. 

There are some men who are counted great because 
they represent the actuality of their owa age, and mirroi 
it as it is. Such an one was Voltaire, of whom it was | 
epigrammatically said, "be expressed everybody's thoughts 
better than anybody.*** But there are other men who 
attain greatness because they embody the potentiality of I 
their own day, and magically reflect the future. They 
express the thoughts whicli will be everybody's two i 
or three centuries after them. Such an one was 
Descartes. 

Bom, in 159G, nearly three hundred years ago, of a i 
noble family in Touraine, Ecnil Descartes grew up into a 
sickly and diminutive child, whose keen wit soon gained 
him that title of "the Philosopher," which, in the mouths 
of his noblo kinsmen, was more than half a reproach. 
The best schoolmasters of the day, the Jesuits, educated 
him as well as a French boy of the seventeenth century 
could be educated. And they must have done theii' 
work honestly and well, for, before his schoolboy days 
were over, he had discovered that the most of what ho 
had leai-ned, except in mathematics, was devoid of solid 
and real value. 

" Therefore," Bays he, in that " Diacoutse "* which I hsva taken for 
my test, " aa Boon as I was old enough to be aet free from tlie govern- 
ment of my teauhera, I entirely forsook the study of letters ; and 
determining to seek no otber knowledge than tliat ■which I couM | 
discoyer witbin myself, or in the great boot of the world, I spent the 
remaincler of my youth in travelling ; in Beeing courts ami armies j in 
the society of people of didorBot humours and conditions; in gathering I 



' I forget who it was said i 
le monde a." 

' " Discouts de In MithoJo pour hicn condi 
Y&nti dans lea Sciences. 



11 a plus que petsomie I'eaprit qi 

ison et chercher Ii 
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varied experience ; in testing myself by the chances of fortune ; a 

in. always trying to proQt Ly my refiectiona on what happeiieil. . . , 

r And I always liad an inteuse di^fire to learn Low to distiugnish trulh 

^ from falaehood, in order to be clear about my aotioiis, and to walk 

/ aurefdotedly in tliia life." 

But "leara wliat 13 true, in order to do what is riwht," 
is the summing up of the whole duty of man, for all 
who are unable to satisfy their mental hunger with the 
east wind of authority; and to those of us moderns who 
are in this position, it is one of Descartes' great claims to 
our reverence as a spiritual ancestor, that, at three- "" 
twentj', he saw clearly that this was his duty, and acl 
up to his conviction. At two-and-thh-ty, in fact, fini"' 
all other occupations incompatible with the search after 
the knowledge wluch leads to action, and being possessed 
of a modest competence, he withdrew into Holland; 
where he spent nine years in learning and thinking, in 
such retirement that only one or two trusted friends 
knew of his whereabouts. 

In 1637 the firstfruits of these long meditations were 
given to the world in the fiimous " Discourse touching 
the Method of using Eeason rightly and of scckini 
scientific Truth," which, at once an autobiography and, 
philosophy, clothes the deepest thought in language 
exquisite harmony, simplicity, and clearness. 

The central propositions of the whole " Discourse " are 
these. There is a path that leads to truth so surely, that 
any one who will follow it must ncetls reach the goal, 
whether his capacity be great or smaU. And there is one 
guiding rule by which a man may always find this path, 
and keep himself from straying when he has found it 
This golden rule is — give unqualified assent to no 
positions but those the truth of which is so clear 
distinct that they cannot be doubted. 

The enunciation of this great first commandment 
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science consecrated Doubt. It removed Doubt from the 
seat of penance among the grievous sins to which it had 
long beeu condemned, and enthroned it in that high place 
among the primary duties, which ia assigned to it by the 
scientific conscience of these latter days. Descartes was 
the first among the moderns to obey this commandment 
delilierately ; and, as a matter of religious duty, to strip 
off all his beliefs and reduce himself to a state of intel- 
lectual nakedness, until such time as he could satisfy 
himself which were fit to be worn. He thought a bare 
skin healthier than the most respectable and wetl-eut 
clothing of what might, possibly, be mere shoddy. 

When I say that Descartes consecrated doubt, you must 
remember that it was that sort of doubt which Goethe 
has called "the nc-ive scepticism, whose whole aim is to 
conquer itself ;"^ and not that other sort which is bom 
of flippancy ard ignorance, and whose aim is only to 
perpetuate itself, as an excuse for idleness and indiffer- 
ence. But it is impossible to define what is meant by 
scientific doubt better than in Descartes' own words. 
After describing the gradual progress of his negative 
criticism, ho tells us : — 

"For all that, I did not imitate the sceptics, wlio donbt only for 
doubting'a sake, and pretend to Ije alwaj-s undecided; on the contrary, 
my whole intention waa to arrive nt certainty, and to dig away the 
drift and the sand until I reached the rock or the clay beneath," 

And further, since no man of common sense, when 
he pulls down his house for the purpose of rebuilding it, 
fails to provide himself with some shelter while the work 
is in progress ; so, before demolishing the spacious, if not 
commodious, mansion of his old beliefs, Descartes thought 
it wise to equip himself with what he calls "une morale 
par provision," by which he resolved to govern his 

' "Eine tliatige Skepsis ist die, welclie unabliissig heraiiht ist sich sclLst 
«u iiberwinden, nnd durch gcr^^olte Ecliihrung nil eincf Art von heilingter 
ZuTertusai/jkeit zu gelnngofi.— Jfoxiniwi ttitd &eJ{exioui:n, 7" Ablbcilung. 
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practical life until Bueh time as he should be betfi 

instructed. The laws of this " pro^sional sclf-govera- 
meat " are embodied in four maxims, of which one binds 
our philosopher to submit himself to the hiwa and reUgion 
in which he was brought up ; another, to act, on all these 
occasions which call for action, promptly and according 
to the heat of his judgment, and to abide, without 
repining, by the result: a tliird rule is to seek happines.=; 
in limiting his desires, rather than in attempting to Batisly 
them ; while the last ia to make the search after truth 
the business of his life. 

Thus prepared to go on living while he doubted, 
Descartes proceeded to face his doubts like a man. One 
thing was clear to him, he would not lie to himself— 
would, under no penalties, say, *' I am sure " of that of 
which lie was not sure ; hut would go on digging and 
delving until he came to the solid adamant ; or, at worst, 
made sure tlicre was no adamant. As the record of hii 
progress tells us, he was obliged to confess that life is full 
of delusions ; that authority may err ; that testimony 
may be false or mistaken ; that reason lands us in end- 
less fallacies; that memory is often as Httlc trustworthy 
as hope ; that the evidence of the very senses may he 
misunderstood ; that dreams are real as long as they la^, 
and that what we call reality may be a long and restless 
dream. Nay, it is conceivable that some powerful and 
malicious being may find his pleasure in deluding us, and 
in making us believe the thing which is not, every moment 
of our lives. What, then, is certain? AVhat even, if 
sucli a being exists, is beyond the rench of his powers of 
delusion? Why, the fact that the thought, the present 
consciousness, exists. Our thoughts may be delusiw'^ 
but they cannot be fictitious. As thoughts, thoy » 
real and existent, and the clc'^'crcat deceiver caot^ 
make thcni otherwise. 
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ms, thought is existence. More than that, eo far aa 
i-are concerned, existence ig thought, all our concep- 
"s of existence being some kind or other of thought, 
not for a moment suppose that these are mere 
idoxes or subtleties. A little reflection upon the 
fmoncst facts proves thona. to be irrefragable truths. 
example, I take up a marble, and I find it to be 
3, round, hard, single body. Wo call the redness, 
roundness, the hardness, and the singleness, "quali- 
;ies " of the marble ; and it sounds, a,t first, the height of 
absurdity to say that all these qualities are modes of our 
own consciousness, which cannot even be conceived to 
exist in the marble. But consider the redness, to begin 
■with. How does the sensation of redness arise ? The 
■waves of a certain veiy attenuated matter, the particles 
of which are vibrating with vast rapidity, but with very 
different velocities, strike upon the marble, and those 
■which vibrate with one particular velocity are thrown off 
from its surface in all directions. The optical apparatus 
of the eye gathers some of these together, and gives them 
such a course that they impinge upon the surface of the 
retina, ■which is a singularly delicate apparatus, connected 
■with the termination of the fibres of the optic nerve. 
The impulses of the attenuated matter, or ether, affect 
tliis apparatus and the fibres of tlie optic nerve in a 
certain way ; and the change in the fibres of the optic 
nerve produces yet other changes in the brain ; and 
these, in some fashion unknown to us, give rise to tlie 
feeling, or consciousness, of redness. If the marble 
could remain unchanged, and cither the rate of vibration 
of the ether, or the nature of the retina, could be altered, 
the marble ■would socm not red, but some other colour. 
There are many people who are what are called colour- 
blind, being imable to distinguish one colour from 
another. Such an one might deelai'e our marble to be 
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green ; and he would be quite as right in saj'ing tl 
is preen, as we are in declaring it to be red. But then, 
as the marble cannot, iu itself, be both green and red, at 
the eamc time, this shcvs that the quality "rednesa" 
must be in our consciousness and not in the raarble. 

In like manner, it is eiisy to sec that the roundness and 
the hardness are forms of our consciousness, belongiD^ 
to the groups which we call sensations of sight and 
touch. If the surface of the cornea were cylindrical, vn 
ehould have a very different notion of. a round body 
from that wliich we possess now ; and if the strength id 
the fabric, and the force of the muscles, of the body wen: 
increased a hundredfold, our marble would seem to be as 
soft as a pellet of bread crumbs. 

Not onlyia it obvious that all these qualities are inns, 
but, if you will make the attempt, you will find it qnite 
impossible to conceive of " blueness," "roundness," and 
"hardness" as existing without reference to some such 
consciousness as our own. It may seem etrnnge to say 
that even the " singleness " of the marble is relative to us ; 
but extremely simple experiments will show that such is 
veritably the case, and that our two most trustworthy 
senses may be made to contradict one another on this 
very point. Hold the marble between the finger and 
thumb, and look at it in the ordinary way. Sight and 
touch agree that it is single. Now squint, and eight 
tells you that there are two marbles, while touch asserts 
that there is only one. Nest, return the eyes to their 
natural position, and, having crossed the forefinger and 
the middle finger, put the marble bet\veen their tips. 
Then touch will declare that there are two marbles, while 
r>ight says that there is only one ; and touch claima our 
belief, when we attend to it, just as imperatively as 
_ sight does. 

But it may be said, the marble takes up a certain 
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space wLich could not be occupied, at the same timo, by 
aiijthiiig else. In other words, the mai'Ue has the 
primary quality of matter, extension. Surely this quality 
must be in the thing, and not in our minds \ But the 
reply must still be ; whatever may, or may not, exist in the 
thing, all that wc can know of these qnaUties is a state of 
consciouanesa. AVhat we call extension is a consciousness 
of a relation between two, or more, affections of the 
Bcnse of sight, or of touch. And it is wholly incon- 
ceivable that what we call extension should exist inde- 
pendently of Euch consciousnesa as our own. Whether, 
notwithstanding this inconceivability, it docs so exist, or 
not, ia a point on which I offer no opinion. 

Thus, whatever our marble may be in itself, all that 
we can know of it is under the shape of a bundle of our 
own consciousnesses. 

Nor is our knowledge of anything we know or feel 
more, or less, than a knowledge of states of consciousness. 
And our whole life is made up of such states. Some of 
these states we refer to a cause we call "self;" others to 
a cause or causes which may be comprehended under 
the title of "not-self." But neither of the existence of 
' self," nor of that of " not-self," have wc, or can we by 
any possibility have, any such unquestionable and im- 
mediate certainty as we have of the states of conscious- 
ness which we consider to be their effects. They are not 
immediately observed facts, but results of the application 
of the law of causation to those facts. Strictly speaking, 
the existence of a "self " and of a"not-SGlf" arc hypo- 
tliesea I>y which we account for the facts of consciousness. 
They stand upon the same footing as the belief in the 
general trustworthiness of memory, and in the general 
constancy of the order of nature — as hypothetical 
assumptions which cannot be proved, or known with - 
that highest degree of certainty which is given by im* 
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mediate consciousness ; but wbicli, Devertheless, are ^ 
the liigliest practical value, inasmuch as tho con^ 
^ions logically drawn IJom tliom are always ver""' 
by experience. 

Tbis, in my judgment, is tbc ultimate issue of Descart 
irgumcnt ; but it ia proper for mc to point out that m 
iiave left Descartes bimsulf some way bebind us. 
■ilopiK'd at tbc famous formula, " I think, tliercfore I a 
But a little coneiilcriition will show tbis formula to | 
full of snares and verbal ciitanglcraents. In tbe 1 
place, tho "therefore" has no business tbere. Tbe * 
iim" is assumed in tbe " I think," which is simply anotM 
way of saying "I am thinking." And, in the secoffl 
place, "I think" is not one simple proposition, but three 
distinct assertions rolled into one. The first of these is, 
" something called I exists ; " tbe second is, " something- 
called thought exists;" and tbe third ia, " the thought EM 
the result of tbe action of the I." fl 

Now, it will be obvious to you, that the. only one ^| 
these three propositions which can stand the Cortcsij^l 
test of certainty is tbe second. It cannot bo doubte^B 
for tbe very doubt is an existent thought But tie £r^| 
and third, whether true or not, may be doubted, acfl 
have been doubted. Tor the asscrtor may be aske^J 
How do you k-now that thought is not eclf-existent ; (fl 
that a given thought is not the effect of its antecedent 
[bought, or of some external power 1 And a diversity <n 
(ither questions, much more easily put than answeregj 
Descartes, determined as he was to strip off all tbe ga^J 
ments which the intellect weaves for itself, forgot thifl 
gossamer shirt of the "self;" to the great dctrimcnn 
and indeed ruin, of his toilet when be began to clotllM 
himself again. ■ 

But it is beside my purpose to dwell upon the min<aB 
pi.L'uliarities of tho Cartesian philosophy. All I wish t<a 
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put clearly before your minds thus far, ia that Descartes, 
having commencGd by declaring doubt to be a duty, 
found certainty in consciousness alone ; and that the 
necessary outcome of his views is what may properly be 
termed Idealism ; naijiely, the doctrine that, whatever 
the universe may be, all we can know of it is the picture 
presented to us by consciousness. This picture may be 
a true likeness — though how this can be is inconceiv- 
able ; or it may Lave no more resemblance to its cause 
than one of Bacli'a fugues has to the person who is 
playing it; or than a piece of poetry has to the mouth 
and lips of a reciter. It ia enough for all the practical 
purposes of human existence if we find that our trust in 
the representation 3 of consciousness is verified by results ; 
and that, by their help, wo are enabled "to walk sunj- 
footedly in this life." 

TIius the method, or path which leads to troth, indi- 
cated by Descartes, takes us straight to the Critical 
Idealism of his great successor Kant. It is that Idealism 
which declares the ultimate fact of all knowledge to be a 
consciousness, or, in other words, a mental phfenomenon ; 
and therefore affirms the highest of all certainties, and 
indeed the only absolute certainty, to be the existence of ' 
mind. But it is also that Idealism which refuses to ' 
make any assertions, either positive or negative, as to 
what lies beyond consciousness. It accuses the subtle ' 
Berkeley of stepping beyond the limits of knowledge i 
when he declared that a substance of matter does not 
exist ; and of illogicality, for not seeing that the ar- I 
gumcnts which he supposed demolished the existence I 
of matter were equally destructive to the existence I 
of soul. And it refuses to listen to the jargon of I 
more recent days about the " Absolute," and all the I 
other hypostiitized adjectives, the initial letters of | 
the uauK'3 cf which are generally printed in capital I 
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Ittere ; just ns j'ou give a Grcnsulior a bearstin cap, 

make him look more foniiidable tlitiii lie is liy oatare. 

I repeat, the path indicated and followed by DeecartPS 
which we have hitherto been treading, leads through 
doubt to that ciitical Idealism wiiieh lies at the hcMt 
of modern metaphysical thought. But the "Discourse" 
shows U3 anotlicr, and apparently vciy different, patli, 
wliicli leads, quite as definitely, to that correlation of all 
the phrcnomena of the universe with matter nnd motion, 
whii-h lies at the heart of modem pLysical thought, and 
whic:h most people call Materialism. 

The, early part of the seventeenth eenturj', -when Des- 
earfes reached manhood, is one of the great epochs of the 
intellectual life of mankind. At that time, physical 
Bcienee suddenly etrode into the arena of pubhc and 
familiar tliought, and openly chaUenged, not only Philo- 
sophy and the Church, but that eommon ignorance 
which passes by the name of Common Sense. The asser- 
tion of the motion of the earth was a defiance to all 
three, and Physical Science threw down her glove by tlo 
hand of Galileo. 

It is not pleasant to think of the immediate result of 
the, combat; to see the champion of science, old, worn, 
and on his knees before the Cai'dinal Inquisitor, signing 
his name to what he knew to be a He. And, no doubt, 
the Cardinals rubbed their handa as they thought how 
well they had silenced nnd discredited their adversary. 
But two hundred years have passed, and however feeble 
or faulty her soldiers, Physical Science sits crowned 
enthroned as one of the legitimate rulers of the "w 

uf thought. Charity children would be ashamed not 

know that the earth moves; while the Schoolmen are 
forgotten ; and the Cardinals — well, the Cardinals are at 
the CEcumcnieal Council, still at their old business at 

~ ying to stop the movement of the world. 
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As a eliip, ■tvhieh having lain becalmecl with every 
Btitc]i of canvas set, bounds away before the breeze 
■which springs up astern, so the mind of Descartes, poised 
in equilibrium of doubt, not only yielded to the full force 
of the impulse towards physical science and physical 
ways of thought, given by his great contemporaries, 
Galileo and Harvey, but shot beyond them; and antici- 
pated, by bold speculation, the conclusions, which could 
only be placed upon a secure foundation by tlie labours 
of generations of workers. 

Descartes saw that the discoveries of Galileo meant 
that the remotest parts of the nniverae were governed by 
mechanical laws; while those of Harvey mciint that the 
same laws presided over the operations of that portion of 
the world which is nearest to us, namely, our own bodily 
frame. And crossing the interval between the centre 
and its vast circumference by one of the great strides of 
genius, Descartes sought to resolve all the phEenomena of 
the universe into matter and motion, or forces operating 
according to law.^ This grand conception, which is 
sketched in the "Discours," and more fully developed 
in the "Principes" and in the "Traite de rHomme," he 
worked out with extraordinary power and knowledge; 
and with the effect of aniving, in the last-named essay, 
at that purely mechanical view of vital phjEuomena 
towards which modern physiology is striving. 

Let us try to understand how Descartes got into this 
path, and why it led him where it did. The mechanism 
of the circulation of the biood had evidently taken a 
great hold of his mind, as he describes it several times, 
iit much length. After giving a full account of it in the 
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ph^nomfenes natuiels ft u'litie qirim simple d^Telloppemeot des loia de la 
micanique," is the weighty judgment of l!iot, cited hy EoiiiUier (fliiloiri d* 
la FliUoeophit Carienctme, L i. p. 1Q6). 
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" Discourse," and erroneously describing the motion ) 
tlie blood, not lo the contraction of the walls of tl 
bcnrt, but to the heat which he supposes to be gcncran 
tli^re, he adds : — 

"Tliis motion, which I have just explained, is as much the n 
rnsult uf tlie stniclure of the pnrU which one can see in the heart, n 
of iho heat which one may feel there with one's iinj:;ecs, and of t] 
nature of the hlood, which mny ha experimentally ascertained ; as 
thit of a clock of ths force, the situation, and the figure, of ita wei^ 
and of its wheels." 

But if this apparently vital operation were explicald 
as a simple mechanism, might not other vital operatioB 
be reducible to the same category ? Descartes repli^ 
without hesitation in the affirmative. 

" The animal spirits," says he, " resemhlo a very subtle flaid, or a 
very pure and vivid (tame, and are continually generated in the heart, 
nnd ascend to the braiit as to a sort of reservoir. Hence they pass 
into the nerves and are distributed to the muscles, causing couttactia 
or relaxation, acoordicg to their quantity." 

Tlius, according to Descartes, the animal body is f 
automaton, which is competent to perform all the anim 
functions in exactly the same way as a clock or any otlw 
piece of mechanism. As he puts the case himself: — - 

" In proportion as these spirits [the animal spirits] enter the cavitii 
of t!ie brain, they pass thence into tho pores of its suhatance, and froi 
these pores into the nerves ; where, according as they enter, or evffl 
only tend to enter, more or leas, into one than into another, they haTl_ 
the power of altering the figure of tho muaclea into which the nervea 
are inserted, and by this means of causing all the limbs to movA 
Thus, as you may have seen in the grottoes and the foiiutaiita in royal 
gatdeus, tlia force with which the water issues from its reservoir is 
sufficient to move various machines, nnd even to niako them play 
instruments, or pronounce words according to the different dispoailioii 
of the pipes which lead the watei'. 

"And, in truth, the nerves of the machine which lam deaeribing may 
TLTy well he compared to tho pipes of tliese waterworks ; its muscles 
and its tendons to tlie other various engines and springs which seem to 
s thorn ; its asimal spirits to the water which imppis them, of 
' ■ I! heart is the fouutaia ; while the cavities of the brain ar«H 
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the central office. Moreover, respiration and other euch actions as are 
ntttural and usual in the body, and which depend on the conree of the 
apiritfi, are Hke the movements of a clock, or of a mill, which niaj be 
kB])t up hy the ordinary flow of the water. 

"The external objects whith, by their mere presence, act upon tha 
origans of the senses ; and which, by this means, determine the cor- 
poral machine to move in many different ways, according as the parts 
nf the brain are arranged, are like the stiongers who, eiiterjng into 
Bome of the grottoes of these waterworks, unconsciously causa the 
movements which take place in their presence. Tor they cannot enter 
without treading upon certain planks so arranged that, for example, if 
they approach a bathing Diana, they cause her to hide among the 
reeds ; and if they attempt to follow her, they see approaching a 
Keptune, who threatens them with his trident ; or if thoy try aome 
other way, they cause some monster who vomits water into their 
ficos, to dart out ; or like contrivances, according to the fancy of the 
ensineers who have made them. And lastly, when the rational soul is 
lodged in this machine, it will have its principal seat in the brain, and 
will take the place of the engineer, who ouglit to bo in that part of 
the works with which all the pipes are connected, when ho wishes to 
increase, or to elacken, or in. some way to allei', their movementa," ^ 

And again still more strongly : — 

"All the functions which I have attributed to this machine (the 
body), as the digestion of food, the pulsation of the heart and of 
the arteries ; the nutrition and the growth of the limbs ; respiration, 
wakefulness, and sleep; the reception of light, sounds, odours, flavours, 
heat, and euch like qualities, in the organs of the external senses ; the 
impressiori of the ideas of these in the organ of common sense and in 
theimagination; the retention, or the impression, of these ideas on the 
memory ; the internal movements of the appetites and the passions ; 
and lastly, the external movements of all the limbs, which follow so 
aptly, as well the action of tha objects which are presented to the 
senses, as the impressions which meet in the memory, that they 
imitate as nearly as possible those of a real man ;* I desire, I say, 
that you shouM consider that these functions in the machine naturally 
]jioueed from the mere arrangement of its organs, neither more nor 
less than do the movements of a clouk, or other automaton, from that 

* "Traits derHorarae" (Cousin's Edition), p. 347. 

* Descartes pretends that he dues not apply bis views to Ihe human bo'Ty, 
bnt only to an rniaginary machine whidif if it could be constructed, would do 
all that the lionian body does ; throwing a sop to Cerberus unworthily ; aad 
nnolesaiy, bectuee Cerberus woa by no means stupid enough to bwrUom' it 
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ITiU WB{)ilit« mi'l its wtifwls ; ao tlist, m br m IheM or^ cnncrnipd, it 
h no necduary to ennnciva utjr other VP-^tjUiv« or ir^nailtre snol, nor 
itif iithnr principle at molioti, or of life, tlina tlia Uuo'I ami llio Fptritt 
ajn'tUlM lij the tin: wliich bnrnc oittiiinAlly in tho )»Mrt. an<I vbich 
ii no wiw! MHtttliiiltjr diffurent from all tha firei wliich exist i 
inntc Indii^" ' 

Tho sjiirit of tlicflc passages is exactly tJiat of the 
most odvauced physiology of the present day ; all that] 
i« ncrcssary to make tliem coincide with our prca 
pliyaiology iu fonn, is to represent the details of i 
working of tlie animal machinery in modern lanjaagl 

id by the aid of modern conceptions. 

Most iindoubtfidly, the digestion of food iii the hum 

idy Li a purely chemical process; and the passage i 

the nutritive parts of that food into the blood, a physical 
operation. Beyond all question, the circulation of the 
bioo<l is simply a matter of mechanism, and results from 
the structui-e and arrangement of the parts of the heart 
and vessels, from the contractility of those organs, and 
from the regulation of that contractility by an automa- 
tically acting nervous apparatus. The progress of plij|~ 
siology has further shown, that the contractility of w 
muscles and the irritability of the nerves are purely tn 
rosulta of the molecular mechanism of those organs ; i 
that tho regular movements of the respiratory, 
mentary, and otlier internal organs are governed aoj 
guided, as mechanicall)', by their appropriate nervotfl 
CL-ntres. The even rhythm of the breathing of every oiH 

of us depends upon the structural integrity of a particulai 

region of the medulla oblongata, as much as the ticking 
of a cloii'k depends upon the integrity of tho escapement 
You may take away the hands of a clock and break up its 
Etriking machinery, but it will still tick; anil a man may 
be unable to feel, speak, or move, and yet he will breathe. 

Again, in entire accordance withDeseartca' aflirmatioii, 
' 'T-'iiitii <:lerHomme,"p. 427. "" 
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it is certain that the modes of motion wliich constitute 
the physical basis of light, sound, and heat, are trans- 
muted into afl'ections of nervous matter by the sensory 
Organs, These atfections are, so to speak, a kind of 
physical ideas, which are retained in the central organs, 
constituting what might be called physical memory, and 
may be combined in a manner which aiiswers to associa- 
tion and imagination, or may give rise to muscular 
contractiona, in those "reflex actions" which are the 
mechanical representatives of volitions. 

Consider what happens when a blow is aimed at the 
eye.^ Instantly, and without our knowledge or will, and 
even against the wUl, the eyelids close. What is it that 
happens ? A picture of the rapidly advancing fist is 
made upon the retina at the back of the eye. The retina 
changes tLis picture into an afiection of a number of the 
fibres of the optic nerve ; the fibres of the optic nerve 
alTect certain parts of the brain ; the brain, in consequence, 
affects those particular fibres of the seventh nerve which 
go to the orbicular muscle of the eyelids ; the change in 
these nerve-fibres causes the muscular fibres to change 
their dimensions, so aa to become shorter and broader ; 
and the result is the closing of the slit between the two 
lids, round which these fibres are disposed. Here is a 
pure mechanism, giving rise to a purposive action, and 
strictly comparable to that by which Descartes supposes 
bis waterwork Diana to be moved. But we may go 
further, and inquire whether onr volition, in what we term 
voluntary action, ever plays any other part than that of 
Descai-tcs' engineer, sitting in his oflice, and turning this 
tap or the other, as he wishes to set one or another 
machine in motion, but exercising no direct influence | 
upon the movemeuts of the whole. 

Oux voluntary acta consist of two parts : firstly, we ' 
* CoinparB "Truito dca Possions," Art. XIII. nnd XVL 
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desire to pcrfunn a ccrtuin actioD ; and, sccondljr, we 3om» 
bow eot a-goin^ a machinery which does what \rc desire. 
Uvit 80 little do Via directly influence that macJiinery, ! 
that niQC-tentlis of us do not even know its exi«tcnc& i 

Siij'jtosc ono wills to raise one's arm and wbLrl it round. 
Nothing ie easier. But the majority of U3 do not know 
that n«rvfa and muscles are concerned iu this procesa ; 
and the beat anatomist among us would be amazingly 
pciT)li'xetl, if he were called upon to direct the succession, 
and the relative etrcngth, of the multitudinous iiervc- „ 
clianges, which ui-c the actual causes of this very simple 
operation. 

So again in speaking. How many of us know that t 
voice is produced in the larynx, and modified by tl 
mouth ? How many among these instructed personi 
understand how the voice is produced and modified 
And what hvingman, if he had unlimited control over nj 
the nei"vcs supplying the mouth and larj'nx of anothe 
person, could make him pronounce a sentence ? Yet, i 
one has anything to say, what is easier than to say it 
AVe desire the utterance of certain w-ords : we touch th 
spring of the word-machine, and they are spoken. JuS 
as Descartes' engineer, when he wanted a particular hy 
draulic macliioo to play, had only to turn a tap, and. wha 
he wished was done. It is because the body is a m* 
chine that education is possible. Education is the foi-ma 
tion of habits, a superinducing of an artificial organizatioi 
upon the natural organization of the body ; so that acta 
which at first required a conscious elfort, eventuall; 
became unconscious and mechanical. If the aet whieJ 
primarily requires a distinct consciousness and volitioi 
of its details, always needed the same efi'ort, educatioi 
Would be an impossibility. 

According to Dcseartcs, then, jill the functions wbid 
are common to man and animals arc performed by tin 
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body as a mere mechanism, and lie looks upon (lonscioua- 
nes3 aa the peculiar distinction of the "chose pensante," 
of the "rational soul," which in man (and in man 
only, in Descartes' opinion) ia superadded to the body. 
This rational soul he conceived to be lodged in thfl 
pineal gland, as in a sort of central office ; and, liere, by 
the intermediation of the animal spirits, it became aware 
of what was going on in the body, or influenced the 
operations of the body. Modern physiologists do not 
ascribe so exalted a function to the little pineal gland, but, 
in a vague sort of way, they adopt Descartes' principle, 
and suppose that the soul is lodged in the cortical part 
of the brain — at least this is commonly regarded aa the 
seat and instrument of consciousness. 

Descartes has clearly stated what he conceived to be 
tiie difference between spirit and matter. Matter is sub- 
stance which has extension, but does not think ; spirit is 
substance which thinks, but has no extension. It is very 
hard to form a definite notion of what this phraseology 
means, when it is taken in connexion with the location 
of the soul in the pineal gland ; and I can only represent 
it to myself as signifying that the soul is a mathematical 
point, having place but not extension, within the limits 
of the pineal gland. Not only has it place, but it must | 
exert force ; for, according to the hypothesis, it is com- 
petent, when it wills, to change the course of the animal 
spirits, which consist of matter in motion. Thus the 
soul becomes a centre of force. But, at the same time, j 
the distinction between spii'it and matter vanishes ; inas- I 
much as matter, according to a tenable hypothesis, may 
be nothing but a multitude of centres of force. The I 
case is worse if we adopt the modern vague notion that | 
consciousness is seated in the grey matter of the cei-c- 
brura, generally ; for, as the grey matter has extension, ] 
that which is lodged in it must also have extensimi. 
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. tlius wc are led, in another way, to lose spirit 
"Tn matter. 

In truth, Descartes' physiology, like the modem physi- 
ology of which it anticipates the spirit, leads straight ta 
Materialism, so far as that title ia rightly applicable to the 
doctrine that we have no knowledge of any thinking suh- 
stance, apart from extended substance ; and that thought 
is as much a function of matter as motion is. Thus we 
arrive at the singular result that, of the two paths opened 
up to U3 in the " Discourse upon Method," the one 
leads, by way of Berkeley and Hume, to Xant and 
Idealism ; while the other leads, by way of De La 
Mettrie and Priestley, to modem physiology and Mate- 
rialism.' Our stem divides into two main branches, 
which grow in opposite ways, and bear flowers which 
look as different as they can well be. But each branch 
is sound and healthy, and has as much life and vigour 
as the other. 

If a botanist found this state of things in a new plant, 
I imagine that he might be inclined to think that his tree 
was monceeious — that the flowers were of different sexes, 
and that, so far from setting up a barrier between the 
two branches of the tree, the only hope of fertility lay iu 
bringing them together. I may be taking too much of a 
naturalist's view of the case, bnt I must confess that this 
is exactly my notion of what is to be done with meta- 
physics and physics. Their difl'erences ai-e comple- 
mentary, not antagonistic ; and thought will never be 
rompletely fruitful until the one unites with tho other. 

' Boiiillier, into irhose excellent "Histnry of the Cartesian Philoadphj " 
t hail not louked when this piiassge was written, sajs, yeryjusLly, that Desciirtcs 
"a merits le litre de pire lie la physique, auasi bien que ceiui de p&re de la 
niitnphysiqua niodeme " (t. i. p. 107). See also Kuno Fiacher's " Oeschichta 
iler neuea Pliiloaophie," Ed. L ; and the very remarkable work ot Lanm 
_" Oeachiehie Jes Material igmus,"— A good tcaMliLtioii of the latter would A 
vice to philoaaphy in England, 
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Let me try to explain what I mean. I liokl, wiih the 
Materialist, that the human body, like all living todies, 
is a machine, all the operationa of which will, sooner or 
h-itcr, be explained on physical principles. I believe that 
we shall, sooner or later, arrive at a mechanical equivalent 
of consciousness, just as we have arrived at a mechanical I 
equivalent of heat If a pound weight falling through a I 
distance of a foot gives rise to a definite amount of heat, 
which may properly be said to be its equivalent ; the same 
pound weight falling through a foot on a man's band gives I 
rise to a definite amount of feeling, which might with equal | 
propriety be said to be its equivalent in consciousness.^ i 
And aa we already know that there is a certain parity 
between the intensity of a pain and the strength of one's 
desire to get rid of that pain ; and secondly, that there 
is a certain correspondence between the intensity of the 
heat, or mechanical violence, which gives rise to the pain, 
and the pain itself; the possibility of the establishment ] 
of a correlation between mechanical force and volition | 
becomes apparent. And the same conclu.tion i 
gcsted by the fact that, within certain limits, the inten- I 
sity of the mechanical force we exert is proportioned to I 
the intensity of our desire to esei-t it. 

Thus I am prepared to go with the Materialists wher- I 
ever the true pursuit of the path of Descartes may lead * 
them ; and I am glad, on all occasions, to declare my 
bi'lief tiiat their fearless development of the materialistic 
aspect of these matters has had an immense, and a most 
beneficial, influence upon physiology and psychology. 
Nay more, when they go farther than I think they are 
entitled to do — when they introduce Calvinism into 

' For all the qnalifipitiona which need to be made here, I refer the reader 

to the thorough discuBSiion of the nature of the rehtion between nerv-actioa 

i conBciousnes) in Mr, Herbert Spencer's "Piioiciplea of Psjchology," 




Wnirto nnil dircUro Oiat umn ia nothing but a macVine, 
' do not see any particular harm in tLeir doctrines, 60 
lung as they admit tliat which is a matter of espcri- 
inontiil fact — imracly, that it is a inacliiue capable d 
ailjiisting itself within certain limits. 

I jtrotest that if some great Power would agree to 
makti me always think what is true and do what ia right, 
on condition of being turned into a sort of dock and 
wound up every morning before I got out of bed, I 
whould instantly close witb the offer. The only freedom 
1 care about is the freedom to do right ; the freedom to 
do wrong I am ready to part with on the cheapest terms 
to any one who will take it of me. But when the Ma- 
terialists stray beyond the borders of tbcir path and 
begin to talk about there being nothing else in the 
universe but Matter antl Force and Necessary Laws, 
and all the rest of their "grenadiers," I decline to 
follow them. I go back to the point from which we 
started, and to the other patb of Descartes. I remind 
you that we have already seen clearly and distinctly, 
and in a manner which admits of no doubt, that aU our 
knowledge is a knowledge of states of consciousness. 
" Alatter " and " Force " are, so far as we can know, mere 
names for certain forms of conseiousnesa. "Necessary" 
means that of which we cannot conceive the contrary. 
" Law " means a rule which wc have always found to bold 
good, and wliich we expect always wiU hold good. Thus 
it is an indisputable truth that what we call the material 
world is only known to us nnder the forms of the ideal 
world ; and, a.s Descartes tells us, our knowledge of the 
Boul is more intimate and certain than our knowledge of 
the body. If I say that impenetrability is a property' of 
matter, all that I can really mean is that the conscious- 
ness I call extension, and the consciousness I call resist- 
inoe, constantly accompany one another. "Why 
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how tliey are tlius related is a mystery. And if I say 
that thought is a property of matter, all that I ca.ii mean 
is that, actually or possihly, the consciousness of estcn- 
sion and that of resistance accompany all other sorts of 
consciousness. But, as in the former case, why they a'e 
thus associated is an insoluble mystery. 

From all this it follows that what I may term legiti- 
mate materialism, that is, the extension of the conceptions 
and of the methods of physical science to the highest as 
well as the lowest phenomena of vitality, is neither more 
nor less than a sort of shorthand Idealism; and Des- 
cartes' two paths meet at the summit of the mountain, 
though they set out on opposite sides of it. 

The reconciliation of ph}-sic3 aud metaphysics lies in 
the acknowledgment of faults upon both sides ; in the 
confession by physics that all the phfenomcna of nature 
are, in their ultimate analysis, known to us only as facts 
of consciousness ; in the admission by metaphysics, that 
the facts of consciousness arc, practically, interpretable 
only by the methods and the formulas of physics : and, 
finally, in the observance by both metaphysical and 
physical thinkers of Descartes' maxim — assent to no 
proposition the matter of which is not so clear and 
distinct that it cannot be doubted. 

When you did mc the honour to ask me to deliver this 
address, I confess I was perplexed what topic to select. 
For you are emphatically and distinctly a Christian 
body ; while science and philosophy, within the range 
of which lie all the topics on which I could venture 
to Bpeak, are neither Christian, nor Unchristian, but are 
Extraehristian, and have a world of tbeir own, which, to 
use language which will be very familiar to your ears just 
now, is not only "unscctarian," but is altogether "secuhir." 
The arguments which I have put before you to-night, for 
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ample, am not inconsUtont, ko far as I luiow, with 007 
irm of tiicolog)'. 

After much consideration, I thought that I might be 
tnost usfful to you, if 1 attempted to give you some tision 
of this Extrachristian world, as it appears to a person who 
lives a good deal in it ; and if I tried to show you by 
what methoda the dwellers therein try to distinguish 
truth from falsehood, in regard to some of the di;cpest 
and most difficult prohlems that beset humanity, "in 
oi-der to be clear about their actions, and to walk sure- 
ioutcdly iu this life»" as Descartes eays. 

It struck me that if the execution of my project came 
iiuywhcre near the conception of it, you would, become 
iiware tbiit the philosophers and tlie men of science are 
not exactly what they are sometimes represented to you 
to be ; and that their methods and paths do not lead so 
perpendicularly downwaida as you arc occasionally told 
they do. And I must admit, also, that a particular and 
personal motive weighed with me, — namely, the desire to 
show that a certain discourse, which brought a great 
etorm about my head some time ago, contaiued nothing 
but the ultimate development of the views of the father 
of modern philosophy. I do not know if I have been 
quite wise in allowing this last motive to weigh with me. 
They say that the most dangerous thing one can do in a 
thunderstorm is to shelter oneself under a great tree, and 
the history of Descartes' life shows how narrowly he 
escaped being riven by the lightnings, which were more 
dcstiTiotive in his time than in ours. 

■Descartes lived and died a good Catholic, and prided 
himself upon having demonstrated the existence of God 
ami of the soul of man. As a reward for his exertions, 
his old friends the Jesuits put his works upon the 
" Index," and called him an Atheist ; wiiile the Pro- 

istant divines of Holland declared him to be both 
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Jesuit anrl an Atteist Hia books narrowly escaped 
being burned by the Iiaugmaii ; the fate of Vauini waa 
dangled before his eyes ; and the misfortunes of Galileo 
so alarmed him, tliat he well-nigh renounced the pur- 
suits by which the world has so greatly benefited, and 
was driven into subterfuges and evasions which were not 
worthy of him, 

"Yeiy cowardly," you may say; and bo it was. 
But you must make aUowancc for the fact that, in the 
seventeenth century, not only did heresy mean possible 
burning, or imprisonment, but the very suspicion of it 
destroyed a man's peace, and rendered the calm pursuit 
of truth difficult or impossible. I fancy that Descartes 
was a man to care more about being worried and dis- 
turbed, than about being burned outright ; and, like 
many other men, sacrificed for the sake of peace and 
quietness, what he would have stubbornly maintained 
against downright violence. 

However this may be, let those who are sure they would 
have done better throw stones at him. I have no feelings 
but those of gratitude and reverence for the man who did 
what he did, when he did ; and a sort of shame that any 
one should repine against taking a fair share of such 
treatment as the world thought good enough for him. 

Finally, it occurs to me that, such being my feeling 
about the matter, it may be useful to ail of ua if I 
ask you, "What is yours? Do you think that the 
Christianity of the seventeenth century looks nobler and 
more attractive for such treatment of such a man ?" You 
will hardly reply that it does. But if it does not, may it 
not be well if all of you do what lies within your power 
to prevent the Christianity of the nineteenth century 
from repeating the scandal \ 

There are one or two living men, who, a couple of 
centuries hence, will be remembered as Descartes is now, 
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because they have produced great thoughts which will 
live and grow as long as mankind lasts. 

If the twenty-first century studies their history, it will 
find that the Christianity of the middle of the nineteenth 
century recognised them only as objects of vilification. 
It is for you and such as you, Christian young men, to 
say whether this shall be as true of the Christianity of 
the future as it is of that of the present. I appeal to you 
to say " No," in your own interest, and in that of the 
Christianity you profess. 

In the interest of Science, no appeal is needful; as 
Dante sings of Fortune — 

** Quest* h colei, ch*6 tanto posta in croco 
Pur da color, che le dovrian dar lode 
Dandole biasmo a torto e mala voce. 
Ma ell a s' h bcata, e ci6 non ode : 
Con r altre prime creature lieta 

Volve sua spera, e bcata si gode : "^ 

BO, whatever evil voices may rage, Science, sectire amon^ 
the j)owers that are eternal, will do her work and be 
blessed. 

^ ** And this Ls she who's put on cross so much. 
Even by them who ought to give her praise. 
Giving her wrongly ill repute and blame. 
But she is blessed, and she hears not this : 
She, with the other primal creatures, glad 
ftevolves her sphere, and blessed joys herselfl* 

Infemo, vii. 90—96 (W. M. Eossetti's TranslitMo) 



XV. 

SPONTANEOUS GENSRATION. 

It i IS long been the custom for the newly-installed 
President of tlie British Asaociatiou for the Advance- 
ment of Science to take advantage of the elevation of 
the position in which the suffrages of his colleagues 
had, for the time, placed lilm, and, casting his eyes 
around the horizon of the scientific world, to report 
to them what could be seen from his watch-tower ; in 
what directions the multitudinous divisions of the 
noble army of the improvers of natural knowledge 
were marching ; what unportant strongholds of the 
great enemy of us all, ignorance, had been recently 
captured ; and, also, with due impartiality, to mark 
where the advanced posts of science had been driven 
in, or a long-continued siege had made no progress, 

I propose to endeavour to follow this ancient pre- 
cedent, m a manner suited to the limitations of my 
knowledge and of my capacity. I shall not presume 
to attempt a panoramic survey of the world of science, 
nor even to give a sketch of what is doing in the one 
great province of biology, with some portions of which 
my ordinary occupations render me familiar. But I 
shall endeavour to put before you the history of the 
rise and progress of a single biological doctrine ; and 
I shall try to give some notion of the fiTiits, both in- 
tellectual and practical, ^vhich wo owe, directly or in- 
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directly, to the working out, \>j seven generations of 
patient and laborious investigators, of the thoagbt 
whicli arose, more than two centuries ago, in the mim ] 
of a sagacious and observant Italian naturalist. 

It is a niatter of every-day experience that it is 
difficult to prevent many articles of food from W 
coming covered with mould; that fruit, sound enough 
to all appearance, often containa grubs at the core; 
that meat, left to itself in the air, is apt to putrefr 
and swann. with maggots. Eren ordinary water, if 
allowed to stand in an open vessel, sooner or latei 
becomes turbid and full of living matter. 

The philosophers of antiquity, interrogated as to 
the cause of these phenomena, were provided with a 
ready and a plausible answer. It did not enter tbeir 
minds even to doubt that these low forms of life were 
generated in the matters in which they- made their 
appearance. Lucretius, who had drunlc deeper of the 
scientific sjurit than any poet of ancient or modeni 
times except Goethe, intends to speak as a philoso. 
pher, rather than as a poet, when he writes that " witli 
good reason the earth has gotten the name of mother, 
since all things are produced out of the earth. And 
many living creatures, even now, spring out of the 
earth, taking form by the rains and the heat of tl 
sun." ' The axiom of ancient science, " that the 
ruption of one thing is the birth of another" hai 

popular embodiment in the notion that_ a seed 

Before the young plant springs from it ; a belief so 

' It is thus that Mr, Munro remlera 

" Linquitur, lit merito matenlTim Domeii adcpta 
tptra. eit, e terra quoaiam aunt cancta creata. 
Multaque nunc etiam eiaislaut auimalia tercU 
I[ubril>ua ct colida aoHi ooncreta Tupore." 

J)c lia-am NatuTui, lib, t. t9S-V9i 
Bnt wonlil not the meimiiis of the last line he hetter rocdored '' 
lOpeJ ia rain-water and in Iho warm vapours raised by the ana " ? 
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wide spread and so fixed, that Saint Paul appeals to 
it in one nf the most splendid outbursts of liis fervid 
eloquence : — 

" Thou fool, that wliieli thon sowest is not qnickened, except it die." ' 

The proposition that life may, and does, proceed 
from that which has no life, then, was held alike by 
the philosopher, the poets, and the people, of the 
most enlightened nations, eighteen hundred years ago ; 
and it remained the accepted doctrine of learned and 
unlearned Europe, through the middle ages, down 
even to the seventeenth century. 

It is commonly counted among the many meiita of 
our great count.ryman, Han^ey, that he was the first to 
declare the opposition of fact to venerable authority 
in this, as in other matters; hut I can discover no 
justification for this wide-spread notion. After care- ' 
ful search through the " Exercitationes de Generatione," 
the most that appears clear to me is, that Hai'vey be- 
lieved all animals and plants to spring from what he 
terms a '^primo7-dinm vegetate" a phrase which may 
nowadays be rendered " a vegetative germ ; " and this, 
he says, is " oviform.e'l'' or " egg-lite ; not, he is care- 
ful to add, that it necessai'ily has the shape of an egg, 
but because it has the constitution and nature of one. 
That this '■'■ pvimovdium oviforme''^ miist needs, in all 
cases, proceed from a living parent is nowhere ex- 
pressly maintained by Harvey, though such an opin- 
ion may be thought to be implied in one or two 
passages j while, on the other hand, he does, more 
than once, use language whioh is consistent only with 
a full belief in spontaneous or equivocal generation.' 

' 1 Oorintliinns sv. 30. 

' See the following pasai^c in EiBroitatio I. : — " Item tponte nateentia 
dicQOtur; not) quod ex putredins oriuindsL sint, sed qood cast), natura) 
■ponte, et ioqiiivocJ (ut aiunt) generationo, b parantibus eui diss! niili bus 



AT tiESifOyS, ADDJ2E8SES, AKD REVIEWS. 

rin fact, the main concern of Harvey's wonderful little 
treatise ia not ^vith generation, in the physiological 
sense, at all, but with devolopment; and his great 
object is the establishment of the doctrine of epi- 
genesis. 

The first distinct enunciation of the hypothesis that 
all living matter has sprung from preexisting living 
matter, came from a contemporary, though a junior, ot 
Harvey, a native of that countiy, fertile in men great 
in all departments of human activity, "whlcli was to 
inteUectual Eui'ope, in the sixteenth and seventeentli 
centuries, what Germany is in the nineteenth. It was 
in Italy, and fiom Italian teachers, that Harvey re- 
leived the most important part of his scientific eilu- 
lation. And it was a student trained in the same 
schools, Francesco Redi — a man of the widest know 
ledge and most versatile abilities, distinguished alike as 
scholar, poet, physician, and naturalist—who, just two 
hundred and two years a^o, published liia " Esperienze 
intonio alia Generazione degl' Insetti," and gave to the 
world the idea, the growth of which it is my purpose 
to trace. Kedi's book went through five editions in 

Ltwenty years ; and the extreme simplicity of his es- 
|beiimentg, and tlie clearness of his arguments, gained 

^or his views, and for their conaeq^uences, almost uni- 
versal acceptance. 

Redi did not trouble himself much with spoculative 
considerations, but attacked particular cases of what 
was supposed to be " spontaneous generation " experi- 

pi oveniant," Again, in " De Uteri Merobrnnis "' ; — " In minctornm viveo- 
tium ^eaeraliane (sicat JiilmUB) hoc Boknne est, nt ortuiu ducniit a pri- 
tnnrdia nliquo, quod tuin inateriam turn efficicndi potestatom in bb hahet- 
titque adeo id, ex quo et a qno qnicqnid DiiBoitnr, ortum sunm duoot, 
Talo primurdiQin iu naimottbus (liee ab alii* generantibut prov&niant, tht 
iponle, aut m putrcdine ■natcaritar) est humor in tunicA aliqitA nut pDtO- 
mine podcIiibiis." Compara niaowliat Rodi lias to saj respec-tin^ Unrvi-v'* 
'ons, "Enpericn^e," p. 11. 
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lly. Here are dead animals, or pieces of meat, 
9 he ; I expose them to tile air iu hot weather, and 
in a few days they s^varm with maggots. You tell me 
that these are generated in the dead flesh ; but if I pat 
elmilar bodies, while quite fresh, into a jar, and tie 
some fine gauze over the top of the jar, not a maggot 
makes its appeai'ance, while the dead substances, never- 
theless, putrefy just in the same way as before. It is 
obvious, therefore, that the maggots are not generated 
by the corruption of the meat ; and that the cause of 
their formation must be a something which is kept 
away by gauze. But gauze will not keep away aeri- 
form bodies, or fluids. This something must, therefore, 
exist in the form of solid particles too big to get 
through the gauze. Nor is one long left in doubt what 
these solid particles are ; for the blowflies, attracted 
by the odour of the meat, swarm round the vessel, and, 
ui^d by a powerful but in this case misleading in- 
stinct, lay eggs out of which maggots are immediately 
hatched upon the gauze. The conclusion, therefore, is 
unavoidable ; the maggots are not generated by the 
meat, but the eggs which give rise to them are brought 
through the air by the flies. 

These experiments seem almost childishly simple, 
and one wonders how it ■was that no one ever thought 
of them before. Simple as they are, however, they are 
worthy of the most careful study, for every piece of 
experimental work since done, in regard to this subject, 
has been shaped upon the model furnished by the 
Italian philosopher. As the results of his experiments 
were the same, however varied the natui-e of the ma- 
terials he used, it is not wonderful that there arose in 
Redi's mind a presumption, that in all such cases of 
the seeming production of life from dead matter, the 
real explanation was the introduction of living germs 



from without into that dead matter.' And , 

hypothesis that living matter always arises by tie 
agency of pre-existing living matter, took definite shape; 
and had, henceforward, a right to be considered and a 
claim to be refuted, in each particular case, before the 
production of living matter in any other way could k 
admitted by careful reaeoners. It will be necessary for 
He to refer to this hypothesia so frequently, that, to 
kve cij-cumloeution, I shall call it the hypothesis of 
liogen^sis ; and I shall tenn the contrary doctrine— 
that living matter maybe produced by not living mat- 
ter — the hypothesis nf Abiogenesis. 

In the seventeenth century, as I have said, the la^ 
ter was the dominant view, sanctioned alike by an 
^ quity and by authority ; and it ia interesting to ol> 
jerve that Eedi did not escape the customai-y tax u] 

1 " pQTo contentnndomi sempre in qticeta eC in ciaecnna altro 
•"?niio piti savio, li dove io difottuoaumenle parlassi, esser corrrtto^ 
__ ro, clie per wolte oeservazioni molti volti dii lae lattc, mi Moto if 
aftto a eredure che la terra, ila qaelle prime piante, e da quei primi ui 
ia poi, cho olla nei primi giomi del raondo prodnsse per comandeiL 
del Bovrano ed (imnipntenta Fattoro, non nbbia mni pih prodoUod 
niedesinitt n6 erba nE aibero, nB animaJe aJcnno perfelto o iinp«rfetU 
ei Be fiissa; e <!lie tutto quello, cliB ne' teuipi trapasBnti 6 nato e cJu 
Dflscere in lei, o dn lei Tcgpuino, venga tntto dalla senienza reala e 
delle pifinte, e degli animnJi atessi, i qnoli col mezzo del proprio w 
loro Bpezie conservano. E se bene tctto giomo scorgbiaino da' c* 
degli animnli, e da tutte quante lo maniore dell' erbe, e do' fieri, ^ 
froiti imputriditi, e corrotti naacere Tenai infiniti — " 



Io mi Bento, dieo, inrlinato a credere cho tntti qnei vcrmi ei ^nerin^ 
ierae patemo ; e oho le carni, e I'erbe, e I'altre cose tntle pntrefatte c 
trefattibtli non facciimD sltra parte, nS abbiimo altro nJQzio nella b 
jrione dejd' insetti, &e jton d'apprestare nn luogo nn nido propoKio* 
' I ciil dagli aiiimali nel tempo dells figliatura sieno portati, e partoi 
rail, o Tuova o I'altro Benienze dei vermi, i quali loslo cLe nnti » 
IVano in esao nido im auiSciente alimento abilissitno pc-r nntricaisL 
1 quello non sun ','iortate dalle madri qtieste snddette senienE^^ Did 
replicatamente niente, vi s'ingegneri e naaoa." — Redi, £jiptt-ifi 
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a discoverer of having to defend himself against tlie 
charge of impugning the aiithoiity of the Scriptures ; ' 
for his adversaries declared that the generation of bees 
from the carcase of a dead lion is affirmed, in the Book 
of Judges, to have heen the origin of the famous riddle 
with which Samsou perplexed the Philistines : — 

" Out of thn pater came fortli meat, 
And out of tho strong came foi-th Bweotness." 

Against all odds, however, Redi, strong with the 
strength of demonstrable fact, did splendid battle for 
Biogenesis ; but it is remarkable that he held the doc- 
trine in a sense which, if he had lived in these times, 
would have infallibly caused him to be classed among 
the defenders of "spontaneous generation." "Omne 
vivum ex vivo," " no life without antecedent life," 
aphoristically sums up Kedi's doctrine ; but he went 
no further. It is most remarkable evadence of the 
philosophic caution and impartiality of his mind, that 
although he bad speculatively anticipated the manner 
in which grubs really are deposited in fruits and in the 
galls of plants, be deliberately admits that the evidence 
19 insufficient to bear him out ; and he therefore pre- 
fers the supposition that they are generated by a modi- 
fication of the li\'ing substance of the plants themselvea 
Indeed, he regards these vegetable growths as organs, 
'by means of which the plant gives rise to an anunal, 
and looks upon this production of specific animals aa 
tlie final cause of the galls and of at any rate some 
fruits. And he proposes to explain the occurrence qf 
parasites within the animal body in the same way.' 

' "Moltl, e niolti nltri anciira vi potrci iinnoTerare, eo non foasi cliiii- 
nmto n rispondere alle rarapogna Ui fllciini, die briisuamcnte mi raiiimen- 
tano ci6, che si legge Del cai'itulo quattorillceaimo del aacroaanto Libro de' 
giiidici. .... ." — Bbdi, I. e., p. 45. i 

' The passatte (Esperien^e, p. 129) ia worth quoting in full ; — I 

"S^i doveaai palesarri il niio aeiitiinanlo creJwei uhe i fratti, i legUTni, 1 
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It ia of great importance to apprehend Redi's _ 
tion rightly ; for the lines of thought lie laid down for 
us are those upon whicli naturalists have been working 
ever since. C'learh', he held Biogenesis as against 
Ahiogeneais I and I shall immediately proceed, m the 
first place, to inquire how far suhseq^uent investigation 
has borne him out in so doing. 

But Rcdi also thought that there -were two modes 



pli nlLeri e lofoglie, inilnenifinierelnvernimansero, Una, perch S venoailii 
i bachi per di fiiora, e cercanilo I'aiimento, eol rodere ci aprono la e 
ed arrirano ells pib. interna miiloUa da' frntti a de' legni. L^altra 
era si i, chc io per me stimerei, che non fosse griui fatto diadicevole tl 
dare, che quell' anima o quelle virtti, la quale genera i fiori ed i fhitU . 

Eionte viventi, sia quella Gtcssa cbe |;enen ancora i bachi di e 
chi eft forse, oho molti frulii degli alberi noQ sieno prodotii, doh p*c n 
fine primario e principale, ma benal per on nffizio secondario e servile, d^ 
stioato alia ^enerozione di que' vermi, servendo a loro in vece di matrice, 
in ciii diitiorino un prcfisso e dcterniinato tempo; il quale orrirato esun 
taora a ^odere il sola. 

"lo m' immngino, che (jnesto mio penaiero non vl parri totalmenU an 
paradoBBo; mentre farete ridessione a quelle tanie aorte di g.ille, diftalliii- 
zole, di coocole, di rioci, di calioi, di cornetti e di loppole. clie eon prodotU 
dalle qoerce, dalle farnie, da' oerri, da' auglieri. da' leoci a da altri sin^i 
alberi da ghiands; iinparciocchS in quelle galluzzole, e particolarmeQla 
nolle pib grosse, che si cbianiano coronati, ne' ricci capelluti, che oiiiffdi 
da' noatri cnntadini aon delti ; nei ricci legnosi del cerro, ne' ricci etellati 
dolla qiicrciii, nolle goUnzze dtilla fo^lia del leccio si rede evidentiaaima- 
mente, che la prima e priuaipala intenziono dalla natnra k formare deotro 
di quelle un animele volante; redendosi nel centre della gallozzola aa 
uovo, cte col crescere e ool maturorsi di e!«a gallozzola ya crescendo a m»- 
taraiido anch' egll, e crosce altresl a boo tempo quel vernie, obe nell' novo 
ai raochiode; il qualverme, quandqla gallozzola d flnitadi Tnaturare eclie 
h venuto il termine destinato al auo nascimento, diveota, di verme cho cm, 
nna moaco. . . . . lo vi confesao ingennnmente, che prima d'arer farb 

Iu&ste mie espoiuenze intomo alia ganerazione degl' insettl mi dava a (T»- 
ara, o per dir raeglio aoapettava. oha forse la gallozzola noscesse, pefchi 
orrivando la mosca nel tempo della primavera, e facondo una picoolisriiaa 
fessnra no' rami pih toaeri della qnereia, in quella fessiira nascondesse ano 
da Buoi aemi, il quale fosse cagioue ohe Bboccioase ftiora la gallozzola; e ehc 
mai non si vedesBero galle o gnllozzole o ricci o cornetti o calici o coc- 
cole, SB non in que' rami, ne' quali le roosche avessefo depoaitate le low 
lemenza ; e mi dava ad intendere, ebe le galloMole fosai-ri) nna malatlui 
oogioData nelle querce dalle punture delie inosche, in quella gii}sa sttiua 
aha dalle pnntare d'ultri aniraaletti siniiglievoli veggiaino cresoero do' tii- 
mori ne' corpi dflf[li animali." 
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of Biogenesis. By the one method, which is that of 
eommou and ordinary occuitcdcg, the living parent 
gives rise to offspiing which passes through the same 
cycle of changes as itselt^ — like gives rise to like ; and 
this has been termed Ilcmogenesis. By the other mode 
the living parent was supposed to give rise to offspring 
which passed through a totally different series of states 
from those exhibited bythe parent, and did not return 
into the cycle of the parent ; this is what ought to be 
called Heterogeveais^ the offspring being altogether and 
permanently unlike the parent. The term Ileteroge- 
neeisj however, has unfortunately been used in a differ- 
ent sense, and M. Mrlne-Edwards baa therefore sub- 
stituted for it Xenogenesis^ which means the generation 
of something foreign. After discussing Redi's hypothesis 
of universal Biogenesis, then, I shall go on to ask how 
far the growth of science justifies his other hypothesis 
of Xenogenesis. 

The progress of the hypothesis of Biogenesis was 
triumphant and unchecked for nearly a centujy. The 
application of the microscope to anatomy in the hands 
ot" Grew, Leeuwenhoek, Swammordani, Lyonet, Vallis- 
nieri, Beaumur, and other illustrious investigators of 
nature of that day, displayed such a complexity of 
oiganisation in the lowest and minutest forms, and 
everywhere revealed such a prodigality of provision 
for their multiplication by germs of one sort or another, 
that the hypothesis of Abiogenesis began to appear 
not only untrue, but absurd ; and, in the middle of 
the eighteenth centuiy, when Keedham and Buffon 
took up the question, it was almost universally dis- 
credited.' 

' JTeedbam, writing in 1760, sajB :— 

"Les nfttural isles modernes a'accordcnt !inanlmement d ilaMir, con 
one TSrit6 certainc, que toiite {ilante vit-Dt du sa pfimence spfcifique, tool 
xjiimal d'nn ciif ou de tmelqiic choso d'analogue prfeexistant dans la planto, i 
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But the skill of the microscope-makers of tte eigh. 
tecnth century soon reached its limit. A mici'ogcope 
magnifying 400 diameters was a vlief (ToBVvre of tlie 
opticians of that day; and, at the same time, by no 
means trustworthy. But a magnifying power of 400 
diameters, even when definition reaches the exquiate 
perfection of our modem achromatic lenses, hardly 
suffices for the mere discernment of the smallest forms 
of life. A speck, only ^V^^ ^^ ^^ '"^^^^ ^^ diameter, ha.^ 
at 10 inches from the eye, the same apparent size as an 
ohject 1 a i a <i th of an inch in diameter, when magnified 
400 times ; but forms of living matter abound, the 
diameter of which is not more than .„^j j th of an inch. 
' ' filtered infusion of hay, allowed to stand for two 

,ys, will swarm with living things, among which, any 
'hich reaches the diameter of a human i-ed blood-cor- 
puscle, or about - g^jj th of an inch, is a giant. It is 
only by bearing these facts in mind, that we can deal 
fainy with the remarkable statements and speculations 
put forward by Buffon and Needham in the middle of 
the eighteenth century. 

When a portion of any animal or vegetable body 
ia infused in water, it gradually softens and disintt'' 
grates ; and, as it does so, the water is found to swarm 
with minute active creatures, the so-called Infusorial 
Animalcules, none of which can be seen, except by the 
aid of the microsco])e ; while a large proportion belong 
to the category of smallest things of which I have 
spoken, and which must have all looked like mere 
dots and lines under the ordinary mici-oscopes of tht 
eighteenth century. 

L3 1'aniraal do mtnie c?])5co qui I'a proJu't."— A'uui^Wm Observatiimt, 

s naturalUtea ont g^n^ralcnient cm qne \ei animuiix microsctipiciiu 
ait engendrSa par des ccnrB trnnaportis dims I'air. ou d^poa^a duns dra 
E fionnuntos par dos inatotta Tolana." — Ihid., p. 1"G. 
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Led by various theoretical considerations whicli I 
cannot now diecnss, but which looked promising enough 
in the liehta of that day, Biiffon and Needham doubted 
the apphcability of Redi's hypothesis to the infusorial 
animalcules, and Needham very properly endeavoured 
to put the question to an experimental test. He said 
to himself, if these infusorial animalcules come from 
germs, their germs must exist either in the substance 
infused, or in the water with which the Infusion is 
made, or in the superjacent air. Now, the vitality of 
all fferms is destroyed by heat. Therefore, if I boil 
the mfusion, cork it up carefully, cementing the cork 
over with mastic, and then heat the whole vessel by 
heaping hot ashes over it, I must needs kill whatever 
germs are present. Consequently, if Kedi's hypothesis 
hold good, when the infusion is taken away and allowed 
to cool, no animalcules ought to be developed in it; 
whereas, if the animalcules are not dependent on pre- 
existing germs, but are generated from the infused 
substance, they ought, by-and-by, to make their appear- 
ance. Needham found that, under the circumstances 
in which he made his experiments, animalcules always 
did arise in the infusions, when a sufficient time had 
elapsed to allow for their development. 

In much of his work Needham was associated with 
Buifon, and the results of their experiments fitted iu 
admii-ably with the gi-eat French naturalist's hypothesia 
of " organic molecules," according to which, life is the 
indefeasible properiy of certain, indestructible mole- 
cules of matter, which exist in all living things, and 
have inherent activities by which they arc distinguished 
from not living matter, Each individual living organ- 
ism is formed by their temporaiy combination. They 
stand to it in the relation of the particles of water to 
a cascade, or a whirlpool ; or to a mould, into which 
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tlie water la poured. The form of tlie organism is ttri 
deterraiued by tie reaction between estemal cond 
tions and the inherent activities of the oi^nic mdi 
culfa of which it ia composed ; and, as tlie stoppage ci 
a whirlpool destroys nothing but a fonn, and leavl 
the molecules of the water, with all their inherei 
activities intact, so what we call the death and put* 
faction of an animal, or of a plant, is merely the bre^ 
ing lip of the form, or manner of association, of i 
constituent organic molecules, which are then set f 
as infusorial animalcules. 

It will be perceived that this dot^^rine is by no mes 
identical with Abioffe?i€8is, with which it is often c 
founded. On this hypothesis, a piece of beef, orJ 
handful of hay, is dead only in a limited sense, 'l 
beef is dead ox, and the hay is dead grass ; but i 
"organic molecules" of the beef or the hay are i 
dead, but are ready to manifest their vitality as so 
as the bovine or herl)aceou8 shrouds in which they a 
imprisoned are rent by the macerating action of water 
The hypothesis therefore must be classiiied under Xen- 
ogeneeis, rather than nndcr Abiogenesis. Such as it 
was, I think it will appear, to those who will be jiist 
enough to remember that it was propounded before 
the birth of modem chemistry, and of the modeni 
optical arts, to be a most ingenious and suggestiv) 
speculation. I 

But the great tragedy of Science — the slaying of 1 
beautiful hypothesis by an ugly fact — whicb is so coll^ 
etantly being enacted under the eyes of philosophers, 
was played, almost immediately, for the benefit of 
Buffon and Needham, 

Once more, an Italian, the Abb^ Spallanzani, | 
worthy successor and representative of Redi in M 

tlteness, his ingenuity, and his learning, subjecta 
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the experiments and tie conclusions of Neetlham to a 
searcMng criticism. It might "be true that Needliam'a 
expei-iments yielded results such as he had described, but 
did they bear out his arguments X Was it not possible, 
in the first place, that he had not completely excluded 
the air by his corks and mastic ? And was it not pos- 
sible, in the second place, that he had not sufficiently 
heated his infusions and the supei^acent air ? Spal- 
lanzani joined issue witb the English naturalist on 
both these pleas, and he showed that il, in the first 
place, the glass vessels in whicli the infusions were 
contained were hermetically sealed by fusing their 
necks, and if) in the second place, they were exposed ~ 
to the temperature of boUing water for three-quarters 
of an hour,' no animalcules ev^er made their appearance 
within them. It must be admitted that the experi- 
ments and arguments of SpaUanzani furnish a complete 
and a crushing reply to those of Needham. But we 
all too often foi'get that it is one thing to refute a prop- 
osition, and another to prove the tnith of a doctrine 
which, implicitly or explicitly, contradicts that prop- 
osition, and the advance of science soon showed that, 
though Needham might be quite wrong, it did not 
follow that SpaUanzani was quite right. 

Modern chemistry, the bii'th of the latter half of the 
eighteenth century, grew apace, and soon found herself 
face to face with the great problems which biology had 
vainly tried to attack without her help. The discovery 
of oxygen led to the laying of the foundations of a 
scientific theory of respiration, and to an examination 
of the marvellous interactions of oi^anic substances 
with oxygen. The presence of fi^e oxygen appeared 
to be one of the conditions of the existence of life, and 



' See SpaUanzani, " OptTe," vi., pp. 42 nnd 51. 
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nf those siiigtilar changes in organic matters which are 
known as fejinentation and putrefaction. The question 
of the generation of the infusory animalcules thus 
passed into a new phase. For what might not have 
jiappened to the organic matter of the infusions, or to 
the oxygen of the air, in Spallanzani'a experiments? 
"What secxmty was there that the development of life 
which oiight to have taten place had not been checked 
or preventetl by these changes ? 

The battle had to be fought again. It was needful 
to repeat the espeiTments under conditions which 
would make sure that neither the oxygen of the air, 
nor the composition of the organic matter, was altered 
in such a matter as to interfere with the existence ff 
life. 

Schulze and Schwann took up the question from 
this point of view in 1836 and 1837. The passage of 
air through red-hot glass tubes, or through strong 
gulphm'ic acid, does not alter the propoi-tion of its 
oxygen, whUe it must needs arrest or destroy any 
organic matter wliich may be contained in the air. 
rheae experimenters, therefore, contrived arrange- 
ments by which the only air which should come into 
contact with a boiled infusion should be such as had 
cither passed through red-hot tubes or through strong 
sulphuric acid. The result which they obtained was 
tliat an infusion so treated developed no living things, 
while, if the same infusion was afterwards exposed to 
the air, such things appeared rapidly and abundantly. 
The accuracy of these experiments has been alternat^^ 
ly denied and affirmed. Supposing them to be ac- 
cepted, however, all that they really proved was that 
the ti'eatment to which the air was subjected destroyed 
aormthing that was essential to the development of life 
l<in the infusion. This "something" might be gaseous i 
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fluid, or solid ; that it consisted of germs remained 
only an liypothesis of greater or less probability. 

Contemporaneously with these investigations a re- 
markable discovery was made by Cagniard de la Tour. 
He found that common yeast is composed of a vast 
accumulation of miuute plants. The fermentation of 
must or of ivort in the fabrication of wine and of beer 
is always accompanied by the rapid growth and multi- 
plication of these 2o)'nl<B. Thus fermentation, in ao 
far as it was accompanied by the de\*elopment of mi- 
croscopical organisms in enonnous numbers, became 
assimilated to the decomposition of an infusion of or- 
dinary animal or vegetable luatter ; and it was an ob- 
vious suggestion that the organisms were, in some way 
or other, the causes both of fermentation and of putre- 
faction. The chemists, with Berzelius and Liebig at 
their head, at first laughed this idea to scorn ; but, in 
1843, a man then very young, who has since performed 
the unexampled feat of attaining to high eminence 
alike in Mathematics, Physics, and Physiology — I 
apeak of the illustrious llelmholtz — reduced the mat- 
ter to the test of experiment by a method alike ele 
gant and conclusive, Helmholtz separated a putrefy- 
ing or a fermenting liqui<l from one which was simply 
putrescible or fennentable by a membrane which al- 
lowed the fluids to pass thi'ough and become inter- 
mixed, but stopped the passage of solids. The result 
was, that while the putrescible or the fennentable 
liquids became impregnated with the results of the 
putrescence or fciTaentation which was going on on 
the other aide of the membrane^ they neither putrefied 
(in the ordinaiy way) nor fermented ; nor were any of 
the organisms which abounded in the fermenting or 
putrefying liquid generated in them. Therefore the | 
cause of the development of these organisms must lie ' 
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in something whicli cannot pass tlirougb membranas; 

and, as Helralioltz's investigations were long anteefr 

ident to Graham's researches upon colloids, Ms naturttl 

I conclusion was that the agent thus intercepted must 

I be a solid material. In point of fact, Helmholtz's 

resperiments narrowed the issue to this : that whioli 

■excites fermentation and putrefaction, and at the same 

time gives rise to living forms in a fermentable or 

putreacible fluid, is not a gas and is not a diifusihle 

fluid ; therefore it is either a colloid, or it is matter 

divided into very rainute solid particles. 

The researches of Schroeder and Dusch in 1854, aa'i 
of Schroeder alone, in 1859, cleared up this point hy 
experiments ■which are simply refinements upon those 
of Redi, A lump of cotton-wool is, physically speak- 
ing, a pUe of many thicknesses of a very fine gauze, 
the fineness of the meshes of which depends upon the 
closeness of the compression of the wool. Now, 
Schroeder and Dusch found that, in the case of all the 
putrefiable materials which they used (except milk 
and yolk of egg), an infusion boiled, and then allowed 
to come into contact with no air but such as bad been 
filtered through cotton-wool, neither putrefied nor fer- 
mented, nor developed living forms. It is hard tj> 
imagine what the fine sieve foi-med by the cotton- wool 
could have stopped except minute solid partides. 
StUl the evidence was incomplete until it had beeo 
positively shown, first, that ordinary air does contain 
such particles; and, secondly, that filtration through 
cotton-wool arrests these pai'tieles and allows omy 
physieallj^ pure air to pass. This demonstration has 
been furnished within the last year by the remarkable 
experiments of Professor Tyndall. It has been a 
common objection of Abiogenists that, if the doctrine 
of Biogeny is true, the air must be thick with genns; 
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and they regard tliig aa tlie leiglit of absurdity. But 
Nature occasionally is exceedingly uureasonable, and 
Professor Tyndall has proved tbat this particular ah- 
surdity may nevertlieless be a reality. He has demon- 
strated that ordinary air is no better than a sort of 
Btirabout of excessively minute solid particles ; that 
these particles are almost wholly destmctible by heat; 
and that they are strained off, and the air rendered 
optically pure, by being passed through cotton-wool. 

But it remains yet in the order of locric, though not 
of history, to show that among these solid destructible 
particles there really do exisjt genua capable of giving 
rise to the development of living forms in suitable 
menstraa. This piece of work was done by M. Pas- 
teur in those beautiful researches which will ever ren- 
der his name famous ; and which, in spite of all attacks 
upon them, appear to me now, as they did seven yeara 
ago', to be models of accurate experimentation and 
logical reasoning. lie strained air through cotton- 
wool, and found, as Sehi'oeder and Dusch had done, 
that it contained nothing competent to give rise to the 
development of life in fluids highly fitted for that pur- 
pose. But the important further links in the chain of 
evidence added by Pasteur are three. In the first 
place he subjected to microscopic examination the 
cotton-wool which had served as strainer, and found 
that sundry bodies, clearly recognizable as gei-ms, were 
among the solid particles stramed ofi'. Secondly, he 

})roved that these germs were competent to give rise to 
iving forms by simply sowing them in a solution fitted 
for their development. And, thirdly, he showed that 
the incapacity of air strained through cotton-wool to 
give rise to life was not due to any occult change af- 
'B to Working Uen on Ibe CanGcsof the Phenom^nfi of Organic I 
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fected in eonstitURiits of the air by the wool, "by prov. 
ing tbat the cotton-wool might be diBpenped with 
altogether, and perfectly free access left Ijftween llie 
exterior air aud that in the experimental flas-k. If tiie 
neck of the flask is drawn out into a tiihe aud bent 
downwards; and if, after the contained duid has bepii 
carefally boiled, the tube is heated sufficiently to di> 
stroy any germs which may be present in the air whicli 
enters as the fluid cools, the apparatus may be left to 
itself for any time and no life will appear in the fltiid. 
The reason is plain. Although there is free communi- 
cation between the atmosphere laden witb germs am! 
the germless air in the flask, contact between the two 
takes place only in the tube ; and as the germs cannot 
fall upwards, and there are no currents, they nevtr 
reach the interior of the flask But if the tube be 
broken short off A\-here it proceeds irom the flask, and 
free access be thus given to germs falling vertically out 
of the air, the fluid which has remained clear and desert 
for months, becomes in a few days turbid and fall of 
life. 

These experiments have been repeated over 
over again by independent observers with entire 
cess ; and there is one very simple mode of seeing 
facts for oneself, which I may as well describe. 

Prepare a solution (much used by M. Pasteiir, and 
often called " Pasteur's solution ") composed of water 
with tartrate of ammonia, sugar, and yeast-asli dis- 
solved therein.' Divide it into three portions in as 
many flasks; boil all three for a quarter of an hour; 
and, while the steam is passing out, stop the neck of 
one with a large plug of cotton-wool, so that this also 

' Infusion of hny trentod in the some way yields simiiur rosults ; but, M 
it contuind orgnnic matter, the BTgnment which follows oanQot be ba«eil 
imonit. 
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may be tliorougbly steamed. Now set the flasks aside I 
to cool, and, when their contents ai-e culd, add to one 
of the open ones a drop of filtered infusion of hay 
which has stood for twenty-four houra, and ia conse- 
quently full of the active and excessively minute 
organisms known as Bacteria. In a couple of days 
of ordinary warm weather the contents of this flask 
will be milky from the enormous multi])lication of 
Bacteria. The other flask, open and exposed to the I 
air, sooner or later will become milky with Bacteria, i 
and patches of mould may appear m it ; while the 
liquid in the flask, the neck of which is pluggi 
with cotton-wool, "will remain clear for an indefinite i 
time, I have sought in vain for any explanation ' 
of these facts, except the obvious one, that the air ' 
contains germs competent to give rise to Bacturla., 
such as those with which the first solution has been 
knowingly and purposely inoculated, and to the monld- 
JPungi. And I have not yet been able to meet with 
any advocate of Abiogenesis who seriously maintains 
that the atoms of sugar, tartrate of ammonia, yeast-ash, 
and water, under no influence but that of free access 
of air and the ordinary temperature, I'earrauge them- | 
selves and gave rise to the protoplasm of Bacterium, \ 
But the alternative is to admit that these Bacteria \ 
arise from germs iu the air ; and if they are thus pro- 
pagated, the burden of proof that other like forms are 
generated in a different manner must rest with the as- , 
serter of that proposition. 

To sum up the effect of this long chain of evi- 
dence :— 

It is demonstrable that a fluid eminently fit for 
the development of the lowest forms of life, but which 
contains neither germs, nor any protein compound, 
"rives rise to living things in great abundance if it ia 
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exposed to ordinary air, while no sncli development 
takes place if the air with which it is in contact iftJ 
mechanically freed from the solid particles which oniy| 
narily float in it and which may be made visible bfl 
«]iproj>riate means. 

It 13 demonstrable that the c^i-eat majority of thc9 
particles are destructible by Eeat, and that some OL 
them are germs or living particles capable of giving 
rise to the same forms of life as those which appear 
when the fluid is exposed to unpurified air. 

It is demonstrable that inoculation of the experi- 
mental fluid ivith a drop of liquid kno^m to coutain 
living paiticles gives rise to the aame |)henoinena as 
exposure to unpurified air. 

And it is further certain that these living particles 
are so minute that the assumption of their suspension 
in ordinaiy air presents not the slightest difficulty. 
On the contrary, considering their lightness and the 
iiide difi"usion of the organisms which produce tliera, 
it is impossible to conceive that they should not he 
suspended in the atmosjihere in myriads. 

Thus the evidence, direct and indirect, in favor of 
lihgen^esis, for all known forms of life must, I think, 
be admitted to be of great weight. 

On the other side, the sole assertions worthy of at 
tention are that hennetically-sealed fluids, which I 
been exposed to great and long-eontinueil heat, L__ . 
sometimes exhibited living forms of low organisatio 
when they have been opened. 

The first reply that suggests itself is the prohabil- 
ity that thei'e must be some en-or about these experi- 
ments, because thejr are performed on an enormous 
scale every day with quite contrary results. Meat, 
fruits, vegetables, the very materials of the most fer- 
mentable and putrescible infusions, aie preserved 1 
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the extent, I suppose I may say, of thousanJe of tons 
every year, by a metliod which is a mere application 
of Spallanzani's experiment. The matters to be pre- 
seired are well boiled in a tin case provided with a 
email hole, and this hole is soldered np when all the 
air in the case has been replaced by steam. By this 
method they may be tept for years without putrefy- 
ing, fermenting, or getting mouldy. Now, this is not 
because oxygen is excluded, inasmuch aa it is now 
proved that free oxygen is not necessary for either fer- 
mentation or putrefaction. It is not because the tins 
are exhausted of air, for Vilrioves and Bacteria live, 
as Pasteur has shown, without air or free oxygen. It 
is not because the boiled meats or vegetables are not 
putrescible or fermentable, as those who have had the 
misfortune to be in a ship supplied with unakilfully- 
closed tins well know. Wliat is it, therefore, but the 
exclusion of geiins ? I think that Abiogenists are 
bound to answer this question before they ask us to 
consider new experiments of precisely the same order. 
And in the next place, if the results of the experi- 
ments I refer to are really trustworthy, it by no means 
follows that Abiogenesis has taken place. The resist- 
ance of living matter to heat is known to vary within 
considerable limits, and to depend, to some extent, 
upon the chemical and physical qualities of the sur- 
rounding medium. But, if, in the present state of sci- 
ence, the alternative is offered us, either geiins can 
stand a greater heat than has been supposed, or the 
molecules of dead matter, for no valid or intelligible 
reason that is assigned, are able to rearrange them- 
selves into living bodies, exactly such as can be de- 
monstrated to be frequently produced in another way, 
I cannot understand how choice can be, even for a 
moment, doubtful. 
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But, though I cannot ejcpress this conrictioo of 
mine tco ptrongly, I mast can-fiillr gnanl myself 
ugaiiint the suppoittlion tliat I intend to ^tigge^ that 
■to such thing as Abiogeneab evpr has taken place in 
Uie pant, or ever will take plaee in the fntnre. With 
Organic cheuiwtn-. molecnlar phv^ics, and physi«>l(^, 
Vet in their infamy, and every day makjng prodigious 
prides, I think it would be the height of presomption 
for any man to &ay that the conditions onder which 
Oiatter aiwunies the properties we call *^ otal " may 
not, Ftorae day, l>e artificially lirotight together. All I 
feel juBtiHed in affirming is, that I see no reason for be- 
Heving that the f«at has been performed yet. 
' And, looking back through the prodigioas vista of 
the paM, I find no reconl of the commencement of life, 
Itmd therefore I am devoid of any means of forming a 
ceHuite conclusion a^ to the conditions of its appear 
ance. Belief, in the scientific sense of the word, is a 
berious matter, and needs strong foundations. To say, 
Ehcrcfore, in the aduiitted absence of evidence, that I 
nave any belief as to the mode in which the existing 
ibnns of life have originated, would be using words in 
■ wrong sense. But expectation, is permissible where 
belief is not ; and, if it were given rae to look beyond 
the abyss of geologically recorded time to the still 
more remote period when the earth was passing 
through physical and cbemical conditions, which it 
■an no more see again than a man can recall bis in- 
■Uicy, I should expect to be a witness of the evolution 
nf living protoplasm from not living matter. I should 
fcpect to see it appear under forms of great simplicity, 
Rldowed, like existing fungi, with the power of deter- 
Biuiiig the formation of new protoplasm fi'om such 
BUttters as ammonium carbonates, oxalates and tar- 
fctes, alkaline and earthy phosphates, and wateL 
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without tlie aid" of ligTifc. That is the expectation to 
which analogical reasoning leads me ; l>ut I beg you 
once more to recollect that I have no right to call my 
opinion any thing but an act of philosojihical faith. 

So much for the history of the progress of Redi'a 
great doctrine of Biogenesis, which appears to me, 
with the limitations I have expreased, to be victorious 
along the whole line at the present day. 

As regards the second problem offered to us by 
Redi, whether Xenogenesis obtains, side by side with 
Homogenesis — whether, that is, there exist not only 
the ordinary living things, giving rise to offspring 
which run through the same cycle as themselves, but 
also others, producing offspring which are of a totally 
different character from themselves — the researclies of 
two centuries have led to a different result. That the 
grubs found in galls are no product of the plants on 
which the galls grow, but are the result of the intro- 
duction of the eggs of insects into the substance of 
these plants, w.is made out by Vallisnlori, Keaumur,' 
and others, before the end of the first half of the 
eighteenth century. The tapeworms, bladderwoiina, 
and flukes, continued to be a stronghold of the advo- 
cates of Xenogenesis for a much longer period. In- 
deed, it is only within the last thirty years that the 
splendid patience of Von Siebold, Van Beneden, Leuck- 
art, Kuehenmeister, and other helminthologista, has 
succeeded in tracing every such parasite, often through 
the strangest wanderings and metamorphoses, to an 
e^ derived fix>m a parent, actually or potentially like 
itself; and the tendency of inquiries elsewhere has all 
been in the same direction. A plant may throw off 
bulbs, but these, sooner or later, give rise to seeds or 
spores, which develop into the original form. A 
polype may give rise to Medusa3, or a platens to an 
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Ediiuodenn, but the Meduse and tlie EchiDodena 

give rise to eg^ which produce polypes or plntei, j 
licy sre theretore only stages in the cycle of life of 1 
^i^ecics. 

f But if we turn to pathology it offers us some » 
i.inarkable approximations to tiiie Xenogeuesia, 

As I have already mentioned, it lias been kno' 
Bince the time of Vallisnieri and of Reaumur 
galls in plants, and tumours in cattle, are eause^ 
insects, which lay their eggs in those parts of the .^ 
mal or vegetable frame of which these morbid stmfr. 
tares are outgro^vths. Again, it is a matter of familiar 
experience to eveiybody that mere pressure on tlie 
skin wiU give rise to a com. Now, the eall the tu- 
mour, and the corn, ai'e parts of the liviuo- body wliicli 
ha\'e become, to a certain degree, independent and dL- 
tiuct organisms. Under the influence of certain es- 
ternal conditions, elements of the body, which shonld 
have developed in due subordination to its general 
])lan, 6cfc_ up for themselves and apply the nourifili- 
nient which they receive to their own purposes. 

From such innocent productions as corns and' warta, 
there are all gradations to the serious tumours whicli, 
by their mere size and the mechanical obstruction tliey 
cause, destroy the organism out of which they are de- 
veloped ; while, finally, in those terrible structures 
known aa cancers, the abnormal growth has acquired 
powers of reproduction and midtiplication, and is only 
morphologically distinguishable from the pai-asile 
worm, the life of which is neither more nor less close- 
ly bound up with that of the infested organism. 

If there were a kind of diseased structure, the Ini 
logical elements of which wre capable of niaintaii 
a separate and mdependent existence out of t 
't Beems to me that the shado^vy boundai-y 
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morbid growth and Xenogenesis would "be effaced. 
And I am inclined to think that the progress of dis- 
covery has almost brought us to this point already. I 
have been favoured by Mr. Simon with an early copy 
of the last published of the valuable " Reports on the 
Public Health," which, in his capacity of their medical 
officer, he annually presents to the Lords of the Privy 
Council, The appendix to this report contains an in- 
troductory essay " On the Intimate Pathology of Con- 
t^on," by Dr. Burdon Sanderson, which ia one of the 
clearest, most comprehensive, and well-reasoned dis- 
cussions of a great question which has come under my 
notice for a long time. I refer you to it for details and 
for the authorities for the statements I am about to 
make. 

You are familiar with what happens in vaccination. 
A minute cut is made in the skin, and an infinitesimal 
quantity of vaccine matter is inserted into the wound. 
Within a certain time a vesicle appears in the place of 
the wound, and the fluid which distends this vesicle is 
vaccine matter, in quantity a hundred or a thousand- 
fold that which was originally inserted. Now, what 
has taken place in the course of this opei'ation ? Has 
the vaccine matter, by its irritative property, produced 
a mere blister, the fluid of which has the same irrita^ 
tive property? Or does the vaccine matter contain 
living particles, which have grown and multiplied 
where they have been planted i The observations of 
M. Chauveau, extended and confirmed by Dr, Sander- 
Bon himself, appeal" to leave no doubt upon this head. 
Experiments, similar in principle to those of Helmholtz 
on fermentation and putrefaction, have proved that tho 
active element in the vaccine lymph is non-diffusible, 
and consists of minute particles not exceeding ■g-ffirtr*''' 
of an inch in diameter, which are made visible in the 
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'lymph by tlie raiiToscope, Similar experiments bare 
proved tliftt two of the most destructive of epizootic 
dieeasps, slieep-pos and glanders, are also dependent 
for their existence and their propagation upon extremdj 
small living solid particles, to whieli the title of mp 
crosymes is applied. An animal siifferincj under eitier 
of these terrible diseases is a soni-ec of ^infection and 
contagion to others, for precisely the same reason u « 
tub of fermenting beer is capable of propagating ita 
fermentation by "infection," or " contaij:ion,''' to fre'li 
wort. In both casea it is the solid living particles 
which are efficient; the liqnid in which they float, and 
at the expense of which they live, being altogether 
passive. 

Now arises the question, are these microzymes the 
results of Jlmnoi/e/iesis, or of Xeno(fenesis'; are they 
capable, like theTorulcs of yeast, of arising only by tk 
development of pre-existing germs ; or may they be, like 
the constituents of a nut-gall, the results of a modifica- 
tion and individualisation of the tissues of the bodrb 
which they are found, resulting from the operation of 
certain conditions? Are they parasites in the zool* 
gical sense, or are they merely "ivliat Virchow lias 
called "heterologous growths"? It is obvious tliat 
this question has the most profound importance, 
whether we loolc at it fi'om a practical or from a theo- 
retical point of view. A parasite may be stamped out 
by destroying its germs, but a pathological prodnct 
ran only be annihilated by removing the conditions 
Avhieh give rise to it. 

It appears to me that this great problem will havs 
to be solved for each zymotic disease separately for 
analogy cuts two Ways. I have dwelt upon tlie anal- 
ogy of pathological modification, which is in favour of 
the xeuogenetic origin of microzymes ; but I must now 
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Speak of the equally strong analogies in favour of tlie 
origin of sucli peatiferons particles by the ordinary pro- 
cess of the generation of like fi'om like. 

It is, at present, a well-established fact that certain 
diseases, both of plants and of animals, -which have all 
the characters of contagious and infectious epidemics, 
are caused by minute organisms. The smut of Tvheat 
ia a well-known instance of such a disease, and it can- 
not be doubted that the grape-disease and the potato- 
disease fall under the same category. Among animals, 
insects are wonderfully liable to the ravages of con- 
tagious and infectious diseases caused by microscopic 
Fungi. 

In autumn, it is not uncommon to see flies, motion- 
less upon a window-pane, ■\vith a sort of magic circle, 
in white, drawn around them. On microscopic exam- 
ination, the magic circle is found to consist of innu- 
merable spores, which have been thrown off in all 
dii'ections by a minute fungus called ISmpuaa mvscw, 
the spore-forming filaments of which stand out like a 
pile of velvet from the body of the fly. These spore- 
forming filaments are connected with others which fill 
the interior of the fly's body like so much fine wool, 
having eaten away and destroyed the creature's viscera. 
This 13 the full-grown condition of the JSmpusa. If 
traced back to its earlier stages, in flies which are still 
active, and to all appearance healthy, it is found to 
exist in the form of minute coi-puscles which float in 
the blood of the fly. These multiply and lengthen 
into filaments, at the expense of the fly's substance; 
and, when they have at last killed the patient, they 
grow out of its body and give off spores. Healthy 
flies shut up with diseased ones catch this mortal dis- 
ease and perish like the others. A most competent 
obaerveFj M. Cohn, who studied the development c " 



I 



LA Y SERilOSS, ADDRESSES, AXl} RETnrVlS. 

the Empusa in the fly very carefnlly, "was titterly nn- 
ahle to discover in what manner the smallest germs of 
the J^ntpusa got into the fly. The spores could not 
he made to give rise to such germs "by cultiration ; nor 
were such germs discoverable in the air, or in the fo(M] 
of the ily. It looked exceedingly like a case of Ahio 
genesis, or, at any rate, of Xenogenesis ; and it is only 
quite recently that the real course of events has been 
made out. It has been ascertained, tbat "when one of 
the spores falls upon the body of a fly, it begins U 
germinate and sends out a process which bores its wbt 
through the fly's skin ; this, having reached the inte- 
rior cavities of its body, gives off the minute floating 
corpuscles which are the earliest stage of the H^mpim. 
The disease is "contagious," because a healtliy fiy 
coming in contact with a diseased one, from which the 
8pore- bearing filaments protrude, is pretty 3ui"e to carrv 
off a epore or two. It is "infectious" heeanse tbe 
Hpores become scattered about all sorts of matter in 
the neighbourhood of the slain flies, 

Tbe silkworm has long been known to be subject 
a veiy fatal and infectious disease called the J/w*xi 
dine. Audouin transmitted it by inoculation. This' 
disease is entirely due to the development of a fangoa, 
Hotryt'iB Bassiana, in the body of the caterpillar ; and 
its contagiousness and infectiousness are accoimted for 
in the same way as those of the fly-disease. But of 
late years a still more serious epizoOtie has appeared 
among tbe silkworms; and I may mention a few^ fa< 
which will give you some conception of the gravity i 
the injury which it has inflicted on France alone. 

The production of silk has been for centuries an li^ 
portant branch of industry in Southern France, and in 
the year 1853 it had attained such a magnitude that 
the annual produce of tlie French sericnltui-e vras eati- 
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mated to amount to a tentli of ttat of tlie whole world, 
and represented a money- value of 1 17,000,000 of franca, 
or nearly five millions sterling-. What may be tlie sum 
■which Tvould represent the money-value of all the in- 
dustries connected with the working up of the raw silk 
thus produced is more than I can pretend to estimate. 
Suffice it to say that the city of Lyona is built upon 
French sUk as much as Manchester was upon American 
cotton before the civil wai*. 

Silkworras are liable to many diseases; and even 
before 1853 a peculiar epizootic, frequently accompa- 
nied by the appefjvince of dark spots upon the skin 
(whence the nan'.e of " P^brine " which it has reeeiv 
ed), had been noted for its moi-tality. But in the 
years following 1853 this malady broke ont with such 
extreme violence, that, in 18u8, the silk-crop was re- 
duced to a third of the amonnt which it had reached 
in 1853 ; and, up till within the last year or two, it 
has never attained half the yield of 1853, This means 
not only that the great number of people engaged in 
silk-growing are. some thirty millions sterling poorer 
than they might have been ; it means not only that 
high prices have had to be paid for imported silkworm 
eggs, and that, after investing his money in them, in 
paying for mulberry-leaves and for attendance, the cul- 
tivator has constantly seen his silkworms perish and 
himself plunged in ruin; but it means that the looms 
of Lyona have lacked employment, and that for years 
enforced idleness and misery have been the portion of 
a vast population which, in former days, was indus- 
trious and well to do. 

In 1858 the gravity of the situation caused the 
French Academy of Sciences to appoint Commissioners, 
of wliom a distinguished naturalist, M. de Quatrefages, 
was one, to inquire into the nature of this disease, and 
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if possible, to devise some means of staying the pi 
In reading the Report' made by M, de Quatrefiigra 
1850, it is exceedingly interesting to oLserve that his 
elaborate study of the Pebrine forced the convictiou 
upon his mind that, in its mode of occurrence and proji- 
agation, the disease of the silkworm is, in every respect, 
comparable to the cholera among mantind. But it 
differs from the cholera, and so fai-is a more fonnidablii 
disease, in being hereditary, and in being, under some 
circumstances, contagious as well as infectious. 

The Italian' naturalist, FUippi, discovered, in the 
blood of the silkworms aiiected by this strange disease, 
a multitude of cylindrical corpuscles, each about -g^jWili 
of an inch long. These have been eareftdly studied by 
Lebert, and named by him Panhistopkyton ; for tli 
reason that, in subjects in which the disease is strongly 
developed, the corpuscles swarm in every tissue ann 
' organ of the body, and even pass into the undevelop«d 
^ga of the female moth. But are these corpusdes 
causes, or mere concomitants, of the disease ? Some 
naturalists took one view and some another ; and it was 
not until the French Government, alarmed by the con- 
tinued ravages of the malady, and the inefficiency of 
the remedies which bad been suggested, dispatchelM. 
Pasteur to study it, that the question received its fii^ 
settlement; at a gi'eat sacriiiee, not only of the 
and peace of mind of that eminent philosopher, ' 
regret to have to add, of his healtk 

But the sacrifice has not been in vain. It is now 
certain that this devastating, choleradike Pcbrinc i' 
the effect of the gro'wth and multiplication of the Pan- 
Jbistophyton in the silkworm. It is contagious anil in- 
fectious because the corpuscles of the Panhistoph^im 
pass away from the bodies of the diseased caterjiLUai^ 

' Etudes sur lea ITaladioB A ctiioUeg doa Vera 3 Soic, p. 53. 
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directly or intlirectly, to the alimentary canal of 
healthy silkworms in their neighbouriiood; it is he- 
reditary, because the corpuscles enter into the eggs 
while they are being formed, and consequently are car- 
ried within them when they are laid ; and, for thia rear 
son, also, it presents the very singular peculiarity of 
being inherited only on the mother's side. There is 
not a single one, of all the apparently capricious and 
unaccountable phenomena presented by the Pebrine, 
but has received its explanation from the fact that the 
disease is the result of the presence of the microscopic 
organism, PanMstophytOTi. 

Such being the facts wdth respect to the Pebrinc, 
what are the indications as to the method of prevent- 
ing it ? It is obvious that this depends upon the way 
in which the Panlmtophjton is generated. If it may 
be generated by Abiogenesis, or by Xenogenesis, within 
the silkworm or its moth, the extirpation of the dis- 
ease must depend upon the prevention of the occurrence 
of the conditions under which this generation takes 
place. But if, on the other hand, the PanMstophyton 
13 an independent organism, which is no more generated 
by the sUkworm than the mistletoe is generated by the 
oak or the apple-tree on which it grows, though it may 
need the silkworm for its development in the same 
way as the mistletoe needs the tree, then the indica- 
tions are totally different. The sole thing to be done 
is, to get rid of and keep away the geims of the Pan- 
hisiopfiyton. As might be imagined, from Ihe course 
of his previous investigations, M. Pasteur was led to 
believe that the latter was the right theory; and, 
guided by that theory, he has devised a method of ex- 
tirpating the disease, which has proved to be com- 
pletely successful wherever it has been properly car- 
ried out. 
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Tliere can be no reason, tlien, for doubting tliat, 
among insects, contagious and iniectiows diseases of 
great malignity are caused by minute organisms wbieh 
are produced from pre-existing genus, or by LomogeDC- 
sis ; and there is no reason, tbat I know of, for believ- 
ing that what happens in insects may not take place 
in the highest animals. Indeed, there is already stroDg 
evidence that some diseases of an extremely malignimt 
and fatal character, to which man is subject, are as 
much the work of minute organisms as is the Pubrice, 
I refer for this evidence to the very striking facts ad- 
duced by Professor Lister in his vaiious well-knovra 
publications on the antiseptic method of treatment 
It seems to me impossible to rise from tlie perusal of 
those publications without a strong con\*iction that 
the lamentable mortality which so frequently dogs tli( 
footsteps of the most skilful operator, and those deal" ' 
consequences of wounds and injuries which, seem 
haunt the very walls of great hospitals, and are, ei 
now, destroying more men than die of bnllet or ba 
net, ai'e due to the importation of minute organii 
into wounds, and theu- inci-ease and multipUcatic 
and that the surgeon who saves moat livea will be 
who best works out the practical consequences of the 
hypothesis of Redl 

I commenced this Address by asking you to follDW 
me in an attempt to trace the path which has been fol- 
lowed by a scientific idea, in its long and slow p^^ 
gress fi-om'the position of a probable hypothesis to that 
of an established law of Nature. Our survey has not 
taken us into very attractive regions; it has lain, 
chiefly, in a land flowing with the abominable, ami 
peopled with mere grubs and mouldiness. And it may 
be imagined with what smiles and shrugs j^racticol 
ind serious contemporaries of Eedi and of Spallanzani 
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mj have commented on the waste of their high abili- 
ties in toiling at the solution of problems which, though 
curious enough in themselves, could be of no conceiv- 
able utility to mankind. 

Nevertheless, you will have observed that, before we 
had travelled very far upon our road, there appeared, on 
the .right hand and on the left, fields laden with a har- 
vest 01 golden grain, immediately convertible into those 
things which the most sordidly practical of men will 
admit to have value — viz., money and life. 

The direct loss to France caused by the Pebrine in 
seventeen years cannot be estimated at less than fifty 
millions sterling ; and if we add to this what Redi's 
idea, in Pasteur's hands, has done for the wine-grower 
and for the vinegar-maker, and try to capitalise ita 
value, we shall find that it will go a long way towards 
repairing the money losses caused by the frightful and 
calamitoua war of this autumn. And as to the eqni 
valent of Redi's thought in life, how can we over-estl- 
luate the value of that knowledge of the nature of epi- 
demic and epizootic diseases, and consequently of the 
means of checking, or eradicating them, the dawn of 
which has assuredly commenced i 

Looking back no further than ten years, it is possible 
to select three (18G3, 1864, and 1869) in which the 
total number of deaths from ecarlet-fever alone amount- 
ed to ninety thousand. That is the return of killed, 
the maimed and disabled being left out of sight. 
Why, it is to be hoped that the list of killed in the 
present bloodiest of all wars will not amount to more 
than this ! But the facts which I have placed before 
you must leave the least sanguine without a doubt 
that the nature and the causes of this scourge will, one 
day^ be as well understood as those of the Pebrine are 
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now ; and that the long-suffered massacre of our inno- 
cents will come to an end. 

And thus mankind will have one more admonition 
that " the people perish for lack of knowledge ; " and 
that the alleviation of the miseries, and the promotion 
of the welfare of men must be sought, by those who 
will not lose their pains, in that diligent, patient, lov- 
ing study of all the multitudinous aspects of Nature, 
the results of which constitute exact knowledge, or sci- 
ence. It is the justification and the glory of this great 
meeting that it is gathered together for no other object 
than the advancement of the moiety of science which 
deals with those phenomena of Nature which we call 
physical. May its endeavours be crowned with a full 
measure of success ! 
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(Translated from tibie French by 
Eliza A. Youmans.) 

Thb SciEiTOS OF MuBio. By Sed- 
ley Taylor. - 

OuTLnre OF THB EvoLxmoif 
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